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MOLECULE 

The present invention relates to polypeptides, and in particular molecules capable 
of stabilising native estimations of a polypeptide. 

5 Background to m Invention 

Tbe maintenance of a tertiary structure is crucial for protein activity, thus, the 
conformation of a plays an esgetxttal part in its ability to bind another molecule, or for its 
sazyoaatic activity. "When protein conformation la disrupted, for example, "by deuatination, 
activity may be lost 

The tumour suppressor protein p53 plays a key role in the protection of cells from 
Cancer. It is a transcripti on factor, which exists in low levels in normal cells and is induced 
in response to DMA damage or to other conditions under which there is a d ang er to n o rmal 
cell growth (reviewed in Hupp et al* 9 2000; Sigal and Rotter, 2000). Following the 
increase in its cellular level p53 activates several genes, and triggers cellular processes 
that prevent toe proliferation of the genetically impaired cells. This is achieved by 
mediating cell-cycle arrest or by apoptosis. 

More than 50% of human cancers have mis-sense mutations in the gene coding for 
p53 that result in its i reactivation (Hainaut and Hollstem, 2000). Nearly all such mutations 
ate in the DNA-Wndjbog core domain (Hainaut and Holbtein, 2000). The six most frequent 
20 cancer-associated mutations are (he "hot-spots** R175H, G245S, R248Q, R249S, R273H 
and R282W. Based on the crystal structure of p53 core domain <Cho et al, 1994), these 
mutations can be divided into two categories: (1) DNA-contactmutatiom (R248 and 
R273), which result ia loss of DNA-tinding residues, and (2) "structural nroiatioas", 
which result in structural rtTi*mgr»» in p53 core domain that can range from local distortion 
25 to complete unfolding. A new assessment of the mutation database (Bullock et ol. 9 2000), 
based on thermodynamic stability and DNA binding properties of the mutants, classifies 
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three broad phenotypes: (I) DNA-contact mutations that have little effect on 
folding/stability (e.g. R273H) (H) mutations that cause a local distortion, mainly in 
proximity to the DNA binding site (e.g. R249S, which are usually destabilised by <2 
kcal/moi); and (iii) mutations that cause global unfolding (e.g. mutations in the cote 
5 domain p Bandwich) that are destabilised by >3 kcal/mol (eg II 95T). 

Activation of mutant cote' domain by short peptides derived from the regulatory C- 
terminal domain of p53 (Abaasua et a/., 1996; Hupp st al.> 1995; Selfvanova et <d. 9 1997; 
Salivanova et al, 1999) has been proposed as a means to stabilise p53. These peptides 
work by specifically regulating the care domain activity rather than stabilising it 
1 Q Accordingly, such prior polypeptides are not relevant to the invention disclosed bere. 

It is a problem in the art to provide a means to rescue p53 mutants, end other 
mutants in tumour suppressor proteins, to restore tumour suppression activity for cancer 
therapy, Mutations in oncogenes are also know to cause tumour activity. It is a further 
problem in the art to provide means to rescue such oncogenic mutations. 

15 Summary 

We have realised for the first time thai different classes of mutants of tumour . 
su£prt$$tt proteins and oncogene proteins require different rescue strategies. In order to 
rescue DNA contact mutants of tumour suppressor proteins, for example, there is a need to 
introduce functional groups that will establish new contacts with the DNA, compensating 
20 for the missing contacts. We have discovered that rescue of globally unfolded or locally 
distorted mutants may be achieved by stabilisation that will lead to refolding of the 
mutant, which in tarn will lead to restoration of the wild-type p53 activity. 

It has been reported that the rescue of mutant p5 3 may be achieved by small 
molecules, ejg. CP-31398. CP-31398 is said to stabilise only newly syntbesised p53 that is 
25 in the active cenrfhrxnation, which then allows the time dependent accumulation of this 
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fraction (Foster et a/,, Science, -vol 286, 1999, 2507-2510). Howerver, we and others have 
not ft) mid that CP-31398 does not infect work to stabilise active conformations of p53. 

We therefore provide for the first time a molecule which is capable of binding a 
native conformation of a protein, such that the binding stabilises die native conformation. 

5 We term such a molecule a ^stabilising molecule". Stabilisation of the native conformation 
enables the equilibrium between on mfclded, denatured, and/or inactive cordbraatioiiof 
the polypeptide and a properly folded, native and active form to shift towards the latter. 
Accumulation of native protein therefore results. The stabilising molecules according to 
the invention advantageously do not bind the denanir^/mactive form of the peptide, thus 

10 preferentially stabilising the active conformation. 

There is provided, according to a second fcapect of the present invention, a method 
of increasing the concentration of a native state of a reversibly denatured polypeptide in a 
system, in which the system comprises the polypeptide in a first native state and a second 
denatured state, the method comprising: (a) providing a stabilising molecule which binds 
15 to the polypeptide at a si te which at least partially overlaps a functional site in the first 
native state asd thereby stabilising the first native state of the polypeptide; and (b) 
allowing the stabilising molecule to bind to the polypeptide. 

We provide, according to a third aspect of the present invention, a method of 
restoring a wild type phanotype of an organism comprising a mutation in a polypeptide, in 
20 which the mutation leads to denaturatian of the polypeptide and a mutant phenotyps, the 
method comprising exposing the organism or part of the organism to a st a bilising 
molecule which binds to the polypeptide at a site which at least partially overlaps a 
fimctional site in its native state and thereby stabilises the native state of the polypeptide. 

As a fourth aspect of the present invention, there is provided a rnetfcod of treatment 
25 of a disease in a patient, in which the disease is caused by or associated with a mutation in 
a polypeptide which leads to denaturarion of the polypeptide, the method conrprjwng 
adminis tering to the patient a stabilising molecule v*ich binds to the polypeptide at a site 
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which at least partially overlaps a functional site in its native state and thereby stabilises 
tfre native state cftbe polypeptide. 

In a preferred embodiment, the stabilising molecule is not a natural binding partner 
of tibe polypeptide. Preferably, the stabilising molecule consists of a fragment of a natural 
3 binding partner ot ttte polypeptide. More preferably, the stabilising molecule is a 
polypeptide engineered to include a polypeptide binding domain, preferably a binding 
loop, of a natural binding partner of the polypeptide. 

The stabilising molecule may be exposed to polypeptide or the system in presence 
of a natural binding partner of the polypeptide. Preferably, the affinity of binding between 

10 stabilising molecule and the polypeptide or binding site i$ less than the affinity of a natural 
binding partner of the polypeptide and tiae polypeptide or the binding sits* More 
preferably, b inding between the stabilising molecule and the binding site stabilises the 
polypeptide to enable binding between the polypeptide and a natural binding partner. Most 
preferably, binding between the polypeptide and the natural binding partner stab ilises Hie 

15 native state of tiae polypeptide, 

We provide, according to a fifth aspect of the present invention, a method of 
assisting the binding between a polypeptide and a natural binding partner for the 
polypeptide, the method comppffjjg stabilising a native state of the polypeptide by a 
method according to any preceding claim, and exposing the stabilised polypeptide to the 
20 natural binding partner. 

The present invention, in a sixth aspect, provides a method of as si sting the binding 
between a polypeptide and a. first molecule, in which the polypeptide exists in a native 
stale and a dextftwed state, the method comprising: (a) providing a second stabilising 
molecule capable of binding to a site which at least partially overlaps a functional site in 
25 the native state of the polypeptide; <b) allowing the second stabilising molecule to bind to 
the polypeptide to form a complex and thereby stabilising the native stale of the 
polypeptide; (c) exposing fee polypeptide and bound second stabilising molecule complex 
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to the first molecule; and (d) allowing the first molecule to bind to the polypeptide and 
thereby displacing the second stabilising molecule. 

The fractional site preferably comprises or at least partially overlaps with o a 
stroctutal domain, a proton binding domain, a nucle fc acid binding domain, or an active 
5 site of an enzyme. More preferably, the fiinctional site is essential to the structure or. 
activity, or both, of the polypeptide. 

In a highly preferred embodiment of the invention, the polypeptide comprises an 
oncogenic protein or a tumour si^presscw protean. Preferably, die polypeptide is p53. More 
preferably, the polypeptide is p 53 which comprises a mutation, preferably R175H, G245S, 
10 R248Q,R249S t R273H,Itt82^ 
denaturafion of the polypeptide. 

The stabilising molecule may comprise a CDB3 polypeptide having the sequence 
REDEDEIEW. Advantageously, die peptide may be labelled with fluorescein at its N 
terminus. Such a peptide is referred to as F1-CDB3 and has the' sequence H- 
15 REDEDEEEW. 

la a seventh aspect of the present invention, there is provided a stabilising 
molecule which binds to and stahflises the native state of a polypeptide, but not a 
denatured state of the polypeptide, in which the stabilising molecule binds to a site which 
at least partially overhgw a functional site of the polypeptide, and in which the stabilising 
20 molecule does not consist of a natural binding partner of the polypeptide. 

Preferably, the polypeptide is p53. Morepreferahly, the polypeptide is p53 which 
comprises a mutation, preferably R175H, G245S, R24&Q, R249S, R2S2W and 

I195T in which the mutation leads to reversible denaturation of the poiyj^ . 
preferably, the stabilising molecule comprises a CDB3 polypeptide having the sequence 
25 RH3EDEEBW. 
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According to an eighth aspect of the present invention, we provide a method of 
identifying a stabilising molecule capable of stabilising a polypeptide, in which the 

_ polypeptide tngy be nrvgrsiblr den nt urod such that it cxiste in d ikOi vc ^lanrand^ 
denatured state, the method coccoprising the steps of: (a) providing a native state of the 

3 polypeptide comprising a functional site; (b) exposing the polypeptide to a candidate 
stabilising molecule; (c) selecting a candidate stabilising molecule which binds to a she 
which at least partially overlaps afunctional site of the native state of the polypeptide; and 
(d) determining whether such binding stabilises the native state of the polypeptide. 

We provide* according to a ninth aspect of the invention, a method of identifying a 
10 staHHsing molecule capable of stabilising a polypeptide, in which the polypeptide may be 
remrfbly denature d such that it exists in a native state and a denatured state, the method 
comprising the steps o£ (a) identifying a functional ate of the polypeptide and providing a 
polypeptide fragment comprising the functional site; (b) selecting a candidate stabilising 
molecule which binds to the polypeptide fragment at a site which at least partially overlaps 
15 a funcflooal site; (c) determining whether the selected candidate stabilising molecule 
stabilises a native state of a polypeptide. 

The polypeptide fiagment may comprise the functional site includes a binding site 
for a natural bining partner, of the polypeptide. 

There is provided, in accordance with a tenth aspect of the present invention, a 
20 stabilising molecule capable of stabilising a polypeptide* which is identified by a method 
according to the ptevicras two aspects of the taveniioa 

A stabilising molecule as described here preferably comprises a natural or 
derivatised carbohydrate, prxtein, polypeptide, peptide, glycoprotein, nucleic acid, DNA, 
RNA, oligonucleotide, proteh>nueleic acid (PNA) or a small molecule compound. The 
25 methods as described here may employ such a derivatised or natural stabilising molecule. 
More preferably, the stabilising molecule is derivatised with a sugat, phosphate, amine, 
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ami de, sulphate, sulphide, biotb, afluorpphore or a chtomouhore. Most prgfenWy. fce 
stabilising molecule is derivaiised using a ftaorophote, preferably fluorescein. 

The binding of a-staHlisoog molecule to the polypeptide may be detected using 
NMR spectroscopy, preferahly heteronuclear NMR spectroscopy, fluotesecence 
5 amsotropy, surface pfesmon resonance, or Differential Scanning Calorimetry (DSC). 

As aa eleventh aspect of the invention, we provide a stabilising molecule according 
to the relevant previous aspects of the invention for use in the treatment of a disease. 

We provide, according to a twelfth aspect of the invention, there is provided a 
pharmaceutical composition comprising a stabilising molecule as described here together 
10 with a pharmaceutical^ acceptable carrier, diluent or exiplent 

According to a thirteenth aspect of did present invention, we provide use of 
stabilising molecule as described here in the manufacture of a medicament for treatment of 
a disease- 
There is provided* according to a fourteenth aspect of the present invention, use of 
IS a stabilising molecule as described here in the treatment of disease. In a highly preferred 
embodiment of the invention, the disease is caacer. 



BhiEF Description of the Fi&ukes 

Figure 1 shows the crystal structure of the p53 core domain (bftie>*53BP2 (red) 
complex (coordinates taken from Gorina and Pavletich, 1996) with the three 53BP2 
20 derived peptides synthesized fox this study highlighted : CDB1 (residues 422-428} - green, 
CDB2 (residues 469-477) - yellow, CDB3 (residues 490-498) - purple. Picture is 
generated using swissFDB viewer (Guex and Peltsch, 1 997)- 
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Figure 2 shows a 1H, 1 5N HSQC spectra of p53 core domain in the presence (red) 
and the absence (blade) of CDB3. Selected residues that show significant chemical shift 
deviation In presence of CDB3 are highlighted. 

Figure 3: shows the hmrifcg of p53 core domain to immobilised peptides analysed 
5 by surface plasmon resonance, (a) S creening for p53 core domain binding peptides. 
Biotfoylated peptides are immobilised on a sbxptavidinBIAcore chip andp53 cote 
domain (72 |iM) is injected. He values shown are normalised by the response upon p53 
injection to the flow channel without any immobilised peptide, 
(b) Concentration dependence of p53 core domain binding to immobilised CDB3- 
10 (c) Titration of CDB3 binding to pS3 cere domain by competition BIAcore. The 
concentration of free p5 3 core domain (reflected by association rate in binding to 
immobilized CDB3) is analyzed by BIAcore after incubation of 0.2 fiM pS3 core domain 
and various concentrations of free CDB3, 

Figure 4 shows the chemical shift changes ( S) in p53 core domain upon binding 
15 to CDB3. (a) ! H and 15 N Chemical shift deviations plotted against residue number. 

Deviations above 5 times the standard deviation ( d>025 ppm for l5 N and <X).Q5ppm 
tor ! H) are considered significant (white background), 3 differences between 2.5 times 
and 5 times the standard deviation (0.125< d<Q25 ppm for 15 N, O.025< d<0.05 ppm for 
1 H) are considered as ™wir (Ught grey background), and d differences below 2 5 times 
20 tfie standard deviation ( d<Q-\25 ppm for 15 N and 0O.O25 ppm for *H) are considared 
Insignificant (darjc grey background). 

(b) Chemical changes in the p53 core domain structure upon CDB3 binding. 
Residues with significant chemical shift changes are coloured bhie, residues with minor 
changes are coloured purple and residues with no change are coloured yellow, CDB3 in its 
25 original position in the S3BP2-p53 complex is shown in red (coordinates taken from 
(Gonna and Pavtedch, 1996)). 

Figure S shows the CDB3 binding to p53 core domain analysed by ani&otropy and 
fluorescence, (a) Wild-type and mutant p53 core domain are titrated into a fluorescein- 
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labeled CDB3 (4.6 jaM). Changes in anisotropy are monitored and analysed, (b) - 
Competitian experiment where unlabeled or biotinylated CDB3 are titrated into 0.50 pM 
fluorescein-labeled CDB3 and 2. 0 |iM p53 core domain wUd-type (■ and , 0.26 mM and 
2.6 roM unlabeled CDB3, respectively, and % OJ24 mM biotinylated CDB3). 

5 Figure 6 shows the stabiii^tton of p53 core domain by FL-CDB3. (a) OBfetentiAl 

scanning calcrimetry. The apparent T m of wild-type and R249S core domain in the 
presence or absence of R^CDB3 is examined a* described in materials and methods. For 
the wild-type core domain 7^=40.1 °C in the absence of the peptide and 41 .6 fl C in its - 
presence. For R249S 7^34.9 °c in the absence of the peptide and 35.9 °C in its presence. 
10 Raw data are shown and axe offset for clarity. (>c) Urea dependence of p53-CDB3 
. binding. Wild-type p53 core domain is titrated into fluorescein-labeled CDB3 in presence 
of increasing urea concentrations, and changes in anisotropy are monitored- (b) anisotropy 
titration curves under various urea concentrations (c) log for the p5 3 core domain- 
CDB3 interaction versos urea concentration (d> CDB3 induces refolding of p53 core 
15 domain. Wild-type p53 core domain is pore-incubated overnight with 3 M urea, then mixed 
witii fluorescent-labeled CDB3 and the anisotropy change over time is monitored. As a 
control, the same protein is mixed with 3M urea and with fluoresceln-labeled CDB3 
without preincubation and anisotropy changes over lime are monitored. 

Figure 7: shows the "Chaperone* strategy for tescue of p53. (a) DNA competes 
20 with FL-CDB3 onp53 core domain binding. 30nmer gadd-45 DNA (4- » 25yM> ~5uM> 
was titrated into a mixture of p53 core domain-FL-CDB3 as described in materials and 
methods, (b) CDB3 restores DNA binding to the I195T mutant I195T (10\iM) was 
preincubated for 1 h in the presence (■) and the absence (x) of 1 00nM CDB3 and titrated 
into 15 nM fluorescein-labeled 30-met Gadd45 DNA. Dissociation constants were 
25 calculated fom a fit to a 1 : 1 binding model (c) A schematic model of the proposed 
mechanism of action for CDB3. Sec text for details. 

Figure 8. Distribution of FL-CDB3 in cells after treatment with peptide for 24 L 
The nuclei are visible in blue (staining wifh HoechstX the peptide is green. Top left H1299 
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cells combining pS3 R17SH. F1-CDB3 was localised in nuclei and large deposits could be 
seen in a nucleolus. Top right: cytoplasmic distribution, was also observed in some cases. 
Middle: after combined delivery with Ijpofectemine 20QO™, the peptide was located in 
the cytoplasm, although some nuclear fraction was present as well. Bottom left and right: 
5 distribution of the peptide in parental p53-null H1299 cells- It appears thatinp53 null cells 
peptide is localised mostly in cytoplasm (HI299), although in some rails nucleolar 
localisation is also evident (H 12991-1). The peptide remained visible for at least 48 h. 

Figure 9, Detection of induced protein expression by Western blots after 24 h 
1C incubation with F1-CDB3. Frames A, C, and D: Treatment with FL-CDB3 restored the 
ability of p53 mutants Hisl75 and His273 to activate the transcription of endogenous 
genes p21 and Mdm-2. Lung carcinoma cells H12 99 txansfected with Hisl75 p53 mutant 
and parental nontransfocted cells were treated with the amounts of peptide indicated 
below, incubated for 24 h and tested for p53, p21, and Mdm-2 protdn expression. The 
15 levels of actin show the equal loading of protein- Notably, mutant p53 levels wot 
rematkaMy increased. B: Treatment with FL-CDB3 induces wtp53 in colon carcinoma 
HCT116 cells and activates expression of Mdm-2 and p21. No induction of p21 nor 
Mdm-2 was observed in the absence of p53 expression in HCTp53-/- cells. For A and B: 
Lane 1 was the control with no F1-CDB3 ;Lane2was24hpost treatment with 1 0 fig/mL 
20 FL-CDB3. For C and D, Lane I was the control (no F1-CDB3); Lane 2, 10 \igfmL FL- - 
CDB3; and Lane 3, 1 jig/mL FL-CDB3. Hie treatment with peptide was performed either 
with or -without Iipofectamlne. All me data pressed here were obtained after treatment 
without Iipafectamina, except flames C and D. The induction of p53 target genes in C and 
D is seen to bo dependent on the concentration of F1-CDB3. 

25 

Figate 10. FACS analysis of eflfects of FL-CDB3 on cell cycle. We treated 
tumour cells with 10 ^ig/mL of peptide and analysed the ceil cycle distribution and cell 
death (aasubGl ftaction) 24 h post treatment using FACS analysis. The left hand side of 
each pair of panels is the control without F1-CDB3, hi- one experiment, the percentage of 
30 dead cells was determined by trypan blue exclusion: the number of dead cells In HI 299- 
Hisl75 cells before treatment was 5%, after treatment, 37%; in control H1299 (p53\ 
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before 3%, after treatment 1 1%; in Saos-2-His273 cells, before 3%, after 28%; in control 
Saos-2(p53^ before treatment 3%, after 13%. 

Detailed PEsemmow of the Invention 

The Invention relies on the provision of a stabilising molecule which is capable of 
5 • binding to a native form of a polypeptide, thereby stabilising it 

Where the polypeptide exists in equilibrium between a native, property folded or 
active form and a denatured, unfolded Of inactive form > binding of the stabilising molecule 
to the native fonn of the polypeptide stabilises ft and drives the equilibrium towards the 
folded, active or native form. Thus, the stabilising molecule is capable of increasing the 
i a relative concentration of a native fonn of a polypeptide as compared to a denatured form. 
S"ucii a stabilising molecule will bind the native, but not Aib denatured state of the 
polypeptide. The law of mass dictates that in such a case the eqirilihrium will be shifted 
towards the native state and the am ount of active prutein will increase , 

Preferably, the polypeptide is reversibly denatured, in other words, a proportion of 
15 the p olypeptide molecules in any system is in the native, fol ded, or active farm, and a 
proportion of the polypeptide molecules is in the inactive, unfolded (whether partially or 
fully) or denatured form. Such denaturati on may arise though various means, and the 
invention is suitable for use in any of these situations. Thus, the polypeptide may be 
exposed to an environment which results in its denataation: for example, by being 
20 e^o$edtoanoa^l^iologic^ 

exposure to air, ox denatured by exposure to heat, high or low salt concentrations, etc. The 
polypeptide may be denatured by virtue of a co-fector being removed from it 

In a highly preferred embodiment, however, the reversible dooaturation of the 
polypeptide results from genetic mutation. Thus, a mutation in the sequence of the 
25 polypeptide results in its destabilisation and tendency to denature. Preferably, such a 
mutation results loss of activity of the polypeptide. The mutation may result in a mutant 
phenotype of the polypeptide, or cell, tissue or organism comprising the mutant 



10/85/2002 17:15 +44-2380-71 98 B8 



10/85/2882 17:15 +4 4-23 88-71 9B0B 



D YOJN6 



15/81 




phanotypa, such a mutant phenotype being different in some detectable way from a wild 
type phenotype associated with a lmmutated or wiH type polypeptide. The methods of our 
invention are therefore suitable for rescuing such a mutant phenotype. These methods may 
also be Teed to rescue a mutant form of a protein, for example, an oncogene protein or a 
5 tumour suppressor protein, by a stabilising molecule binding to the native state of the 
protein, but not the denatured state, and thereby shifting the equilibrium that exists 
between the two forms to the native state. 

It is known that mutated farms of oncogenes and tumour suppressor proteins are 
involved in taKrarogpnesfe. As noted above, such mutations may lead to partial 
10 dsnaturation of the polypeptide and loss of activity. Therefore the methods of our 

invention are suitable for stabilising such mutated oncogenes and/or tumour suppresses 
proteins and restoring wild type Eurivity. Accordingly, the methods described here are 
suitable for rescuing wild type activity of oncogenes and tumour suppressors, and hence of 
preventing tumourogenesis and/or cancer. Preferably, the oncogene comprises p21raa, or 
. 15 any other oncogene known in the art Preferably, the tumour suppressor composes pS3 or 
retinoblastoma protein. The p53 may comprise a mutation leading to partial denaturation, 
preferably reversible denaturaticai. Examples of such mutations include R175H, G245S, 
R248Q, R249S, R273H and R2S2W. 

Furthermore, it is known that many diseases are caused by or associated with 
2D polypeptide mutations, which mutations may lead to destabilisation and reversible 

denaturatian of the protein. Administration of a stabilising molecule as described here to a 
patient suflfering from such a disease will stabilise the native form of the polypeptide, and 
increase the amount or relative concentration of the native form over the denatured form. 
Accordingly, administration of stabilising molecules may be used to treat diseases 
25 associated with or caused by such mutations- 

In a highly preferred embodiment* the stabilising molecule binds to a site which 
comprises Or at least partiaUy overlaps a functional site in the polypeptide^ Preferably, the 
site at v^ch the stabilising molecule binds overlaps or consists of the flinctional site. Such 
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afunctional site preferably comprises a site which is essential for a relevant activity of the 
polypeptide. The fractional site may also be essential for fee structure ofthe polypeptide. 
The functional site may be an interaction site, which interacts with anofeer molecule in the 
cell, such as a natural binding partner ofthe polypeptide including another polypeptide, a 
5 small molecule, a tigand, amacromglccule, a nucleic acid, etc. 

Examples of such functional ales include active sites, or substrate binding sites, 
where (he polypeptide is an enzyme. In the case Of binding proteins, the functional site 
comprises, or at least overlaps, a binding site or binding domain ofthe polypeptide. Thus, 
in the case of nucleic acid binding sites, the functional site comprises a nucleic acid 
binding site, soch as a DNA binding site in a DNA binding protein, oranRNA binding 
site in a RNA binding protein. Where the polypeptide interacts with another polypeptide, 
ha-has polypeptide binding activity, the functional site preferably comprises a 
polypeptide interaction domain or sequence, i.e., it includes, overlaps, or is a sequence 
Which interacts with another polypeptide. 

IS Preferably, therefore the stabilisation of the native start ofthe polypeptide enables 

fee binding of another molecule to fee polypeptide. This other molecule is preferably a 
difierent molecule or unrelated molecule to fee stabilising molecule. Thus, stabilisation of 
fee polypeptide by me stabilising molecule preferably enables a proper conformation of 
the functional site to be roamtaiaed in the polypeptide, to allow the binding of the other 
20 molecule. Preferably, fee other molecule is a natural binding partner ofthe polypeptide, 
for example, a DNA where fee polypeptide is a DNA binding protein. 

Thus, the stabilising molecule is capable of competing wife fee binding of a natural 
binding partner of the polypeptide for binding to the polypeptide or the functional site. 
Preferably, however, the affinity of binding ofthe stabilising molecule to fee polypeptide 
35 is less than the affinity of binding of a natural binding partner to fee polypeptide. Thus, the 
natural binding partner is capable of displacing the stabilising molecule from the 
functional she, or the binding she ofthe natural binding partner. Thus, in this preferred 
embodiment fee binding ofthe stabilising molecule to the polypeptide stabilises fee native 
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state of the polypeptide tor long enough to enable binding of the natural binding partner to 
Hie polypeptide. 

Binding of the stabilising molecule to the native stale shifts the equilihiiunx to this 
state. Preferably, therefore, the stabilising molecule does not require energy for its 
5 stabihsuog stabilising activity. The stabilising mokcule as described here does not actively 
refold the polypeptide, in contrast to classic shapexone activity. 

Preferably, the functional site exists only in the native, active or properly folded 
form of the polypeptide. More preferably, the functional site does not exist in the 
denatured form of the polypeptide. Preferably, the affinity of binding of the stabilising 
1 0 molecule to the wative form of the polypeptide is greater than the affinity of binding to the 
denatured form of the polypeptide. In a highly preferred embodiment, the stabilising 
molecul e substantially only binds to the native form and not the denatured form o f the 
polypeptide. 

While small stabfflsiiig molecules are included, preferred stabilising molecules 
15 comprise polypeptides, prefetably derived fiom natural binding partners of the polypeptide 
to be stabilised* This overcomes the difficulty and expense of synfoeaising small 
molecules. In addition, it is often difficult to scale up the synthesis procedure of identified 
Email molecules. 

Although natural binding partners o f foe polypeptide, to be stabilised may be used 
20 as stabilising molecules, ahighly preferred embodiment relies on the use of a stabilising 
molecule which is not a natural binding partner of the polypeptide. By to we mean that 
the stabilising molecule is preferably an engineered molecule, which does not exist in 
nature, but vtfnch is capable of binding to the polypeptide in its native form and stabilising 
it Engineered stabilising molecules may be generated by means known in flie art, 
25 including recombinant DNA technology. They preferably comprise or consist of fingments 
of natural binding partners, preferably fragments comprising binding activity. Thus, for 
example, where foe stabilising mo) eoule is a polypeptide, this suitably consists of or 
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comprises a polypeptide binding sequence, loop or domain. An example of this is a 

sJahfllsmp mflbaole coaa sfeg " f CDS3, Tri ^ M iib t*£,^ iuaarjipJ3 binding 

polypeptide 53BP2 (accession number NM_005426.1). 

One skilled in the art will appreciate mat the stabilising molecule may act in 
5 isolation in the rescue of mutant proteins. AKematively, itmay actin conjunction^ 
another peptide, or otter aabflising molecule in the rescue of the protein. There may be a: 
additive effect between one or more peptides or molecules, alternatively they may act 
synergisucally. 

In a preferred embodiment, the polypeptide is an oncogenic protein or a tumour 
10 suppressor protein, preferably a mutant oncogenic protein or a mutant tumour suppressor 
protein. Advantageously, the protein is p53, preferably a mutant of p53. The Tumour 
suppressor protein may comprise retinoblastoma protein (RBz)- Those skilled in the art 
wjH appreciate this list is by no means exhaustive. 

The binding of the stabilising molecule to the native polypeptide may detected 
15 using any suitable means known in {be art. Preferred means include physical methods such 
asNMRBpectrosow-InaTffe^ed 

heteronuclear NMR spectroscopy. The binding may also be detected using snrtace 
plasmon resonance. Alternatively, the binding of the stabilising molecule to the native 
fcnn of the polypeptide is detected using Differential Scanning Calorimetiy (DSC) and or 
20 fluorescence amsotropy. AD of these methods will be familiar to those sMIed in Ihe art 
and are described in detail in this document 

lu an alternative embodiment, the binding of the stabilising molecule to each state 
of the polypeptide, i.e, native or denatured, may be detected by examining the faction of 
the polypeptide sample which expresses ah epitope for one or more monoclonal 
25 antibodies, which epitopes are only present in one form of the polypeptide. Other suitable 
methods for detecting confcnnational changes in proteins include, but are not limited to 
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electrophoresis and thin-layer chromatography. Those skilled in the art will be aware of 
other suitable methods. 

In a particular embodiment , the polypeptide comprises a DMA binding protein. A 
mutated fbim of the DMA binding polypeptide comprises a denatured form which is 
5 incapable of binding DNA. A stabilising molecule is provided which binds an unfolded or 
distorted oncogenic protein which is unable to bind DNA, and shifts the equilibrium that 
• exists between the denatured state and the native ^wild-type* state towards the latter. DNA 
can then bind the mutated protein, displacing the molecule, -which 1$ preferably a peptide, 
so that it is free again to bind another protein molecule, 

10 In a preferred embodiment, denalutation of a polypeptide arises from mutation in 

the polypeptide. Such mutations may cause a local structural distortion, compared with the 
wiM type. In the context o^ 

mutations mainly in close proximity to the DNA binding site. Typically mutant proteins of 
this type will be destabilised by less than 2 kcal/mol. The ton 6 mutant protein' also 
15 includes within its scope proteins possessing those mutations which cause global 

unfolding, for example in the core domain beta sandwich of a DNA binding protein such 
asp53. Typically mutant proteins of this type w^ be destabilised by grea^ 
3kcal/moL The term 'mutant protean' as heredn defined does not include within its scope 
contact mutants which have little effect oft folding or stability of the protein. 

20 Cora domain in the context of this document describes a region of a protein, 

preferably a p53 protein, which generally has a defined secondary and/or tertiary amino- 
arid conformation. It is generally structurally stable in the absence ofthe remainder of the 
ptotein, and advantageously coflfa* structural stability on the protein. Mutations within 
this region will often cause structural instability and partial or total unfolding ofthe 

25 protein and/or loss of functional activity. 

An oncogenic protein includes a protein wHch plays a role in the oi^ 
maintenance of cancer. In addition, in the contact of this document the term 'oncogenic 
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protein* also includes within its scope proteins ^ have a k>Ic in 1he suppression tod/or 
prevention of the onset or maintenance of cancer. Oncogenic proteins of this sort include 
tumour suppressor proteins, such as p53. 

A polypeptide lua"native state" may include a conformation which corresponds to 
the conformation of a ^^polypeptide. The polypeptide may comprise a well- 
defined three dimensional structure and may comprise a native biological and/or binding 
activity. A "denatured polypeptide" in the context ofthis document describes a protein 
which is at least partially Btacturalfy ^or^ and/or t^lded as compared with the 
nath^viM type protein. Generally, denatured proteins have at least a partial loss and/or 
altered biological adivrty as compared with the wild type or native protein. 



A polypeptide, preferably a mutant polypeptide, is "rescued" when the proportion 
of native (versus denatured) polypeptide under a certain set of conditions h increased as 
compared to an wwescued polypeptide. The normal biological and/or binding activity 
and/or structure native f cam of the proton may be restored, preferably to a sub stantial 

15 number of polypeptide molecules. Advantageously, a proportion of polypeptide molecules 
which are rescued have the same structural ccmfcnnafcian as the wild-type or native 
paotein. Preferably, the methods described beta are capable of increasing fee proportion of 
native polypeptide by 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% otmore. 
Prefeably, 50% or more, preferably 60%, 70%, 80%, 90%, 95% or more of the molecules 

20 in a polypeptide population are in the native state. Most preferably, substantially all of the 
polypeptide molecules in a population are in the native state. 



Unless defined otherwise, all technical and scientific terais used hweni have the 
same meaning as commonly understood by one of ordinary skill in the art (e.g., in cell 
culture, molecular genetics, nucleic acid chemistry, hybridisation techniques and 
25 biochemistry). Standard techniques are used for molecular, genetic and biochemical 

methods (see genially, Sambrook et al } Molecular Cloning: A Laboratory Manual, 2d ei 
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et 
al, , Short Protocols in Molecular Biology (1999) 4 th Ed, John Wiley & Sons, Inn. which 



10/05/2802 17: 15 +44-23B0-719BBB 



D YOUNG 



PAGE 21/81 



( 

18 

are incorporated herein by reference) and chemical methods- In addition Harlow & Lane., 
A Laboratory Manual Cold Spring Harbor, KY, is referred to for standard Innnimotogical 
Techniques. 

Stabilising Molecule 

5 Stabilising molecules are capable of binding to the native form of the polypeptide 

in question, The binding site of the stabilising molecule may overlap at least partially with 
a functional site of the protein, or it may comprise of be comprised in the Junctional site . 

The binding of the stabilising malecul e to the polypeptide must be such that it 
stabilises the native form of the polypeptide. Thus, the binding $ite for the stabilising 
10 molecule needs to he present in the native form of the polypeptide. Preferably, the binding 
site of the stabilising molecule is not present in a denatured form of the polypeptide. 
However, where this is the case, the stabilising molecule should bind to the native form 
with a higher affini ty than the denatured form; ic> it should bind preferentially to the 
native form of ftie polypeptide. 

15 • Tfe Vk&ikg of to* siafoffismg moiecuie to the rending sire, or the polypeptide,, may 

occur by any known mechamstn, e.g., by ionic, covaknt, polar bonds, salt bridges, van der 
Waals interactions, hydrophobic interactions, etc. The stabilising molecule may stabilise 
the polypeptide by maintaining it in a certain cgmformation, or try inducing a 
conformatk^ change, etc The mechanism by which the stabilising molecule stabilises 

20 the native form of the polypeptide is not crucial, only that it does so when bound to the 
polypeptide. Preferably, the stabilising molecule docs not hind to the denatured form, or 
where it doe$ so (with less affinity as noted above), It does not stabilise the denatured form 
to any substantial extent Where stabilisation does occur, the denatured form is stabilised 
to a lesser extent than stabilisation of the native form. 




IS Where reference is made to w 5tabillsauW of a polypeptide or a form of a 

polypeptide, this is to be taken to mean that the polypeptide or form is les$ susceptible to 
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unfolding or conversion into another form than otherwise. A stabilised polypeptide will 
preferably have a higher melting point {Jm) than an unstabilised polypeptide. Tim, 
stabilisation of a polypeptide raises its apparent T m . Pitfexably, the Jm is raised by Q.5, l f 
1.5, 2, 2.5, 3, 4, 5, 6, 7, 8,' 9, 10, 15, 20, 25,30 or mores degrees. Means for making Tm 
5 measurements are known in die art 

Stabilisation may also be assessed in teems of kCalAnol or equivalent 
measurements, for example kJ/moL Preferably, a stabilised polypeptide has an increase of 
0.5, 1, 1.5, 2, 2.5, 3 or more kCal/mol or k)7mol compared to an unstabilised molecule, 

S tabUisatio n may also be used to refer to a shift in equilibrium from one form of 
10 the polypeptide to ano&er. Thus, stabilisation of a form of a polypeptide may result in a 
higher proportion of polypeptides in a relevant population being in that form. 

Furthermore, stabilisation may also be assessed by the amount of time a particular 
form of polypeptide exists in one form compared to another. 

Stabilising molecules may be identified by various means, Suitable candidates may 
be identified from those molecules which bind to a polypeptide close to, or at an active or 
functional site. Candidates may be identified from known molecules which bind to the 
polypeptide In question. Such molecules may comprise polypeptides, small molecules, 
nucleic acids, etc Fragments of such molecules, for example, fragments of aknown 
binding polypeptide comprising for example the binding site, may be generated and 
screened. Fragments of the polypeptide to be stabilised itself may be generated as 
candidates also. These can suitably include fragments within the polypeptide which 
interact with the functional site to stabilise it, or which are involved in stabilising the 
polypeptide as a whole, preferably by binding close to or at the binding she. In the specific 
Examples presented below, candidate binding peptides are generated from the pS3 
molecule itself; and assayed for stabilisation of p53. 
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AssayB to identify such molecule? may be used, as known is the art For example, 
a library (such as a combinatorial library, or a nucleic acid library, or a polypeptide 
library, which may be expressed on a host by for example phage dj splay) may be screened 
for binding to the polypeptide or a fragment of the polypeptide comprising the functional 
5 site. Mass screening may involve the use of arrays of candidate molecules, or 

polypeptides, or fragments of these. Database searches for known binding molecules may 
be carried out to identify candidate*. Binding assays may be carried out using ELISA, gel 
shift assays, or other methods asset out in greater detail below. 

A "functional site" as the term is used here, refers to a site which is involved in 
10 maintaining a relevant activity of the polypeptide. Functional sites for many polypeptides 
are known, and are listed in protein databases Grin the literature for tiae relevant 
polypeptide. Such functional sites may include binding sites, for example, sites which 
modulate binding of the polypeptide to another molecule, such as another polypeptide, 
rracldc add, or other molecule such as aligand The functional site may also include a she 
15 essential for the structure or activity of the polypeptide, whether this is binding activity, 
enzymatic activity or any other kind of activity. Methods for assaying such activities will 
depend on the particular activity concerned, and will be known in the art 

Candidate molecules which are identified may ha tested for their ability to stabilise 
the native form of a polypeptide, by, for examp le, comparing the melting point of a 
20 polypeptide compared to a complex of the polypeptide and die candidate molecule. 



Nature of St amusing Molecule, 

As nsed herein, the tarn "stabilising molecule 97 includes b\it is not limited to an 
atom or molecule, wherein a molecule may be inorganic or organic, a biological effector 
molecule and/or a nucleic acid encoding an agent such a3 a biological effector molecule, a 
25 protein, a polypeptide, a peptide, a nucleic acid, a peptide nucleic acid (PNA), a virus, a 
virus-like particle, a nucleotide, a ribonucleotide,, a synthetic analogue of a nucleotide, a 
synthetic analogue of a ribonucleotide, a modified nucleotide, a modified ribonucleotide, 
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an amhioai^ an amino acid analogue, am 

aaalogue, a steroid, a proteoglycan a lipid, a fetty acid and a carbohydrate. A Stabilising 
fljokculfi may be in solution or b suspension (e,g^ 5 in crystalline, colloidal or other 
particulate form). Tie stabilising molecule may be in the form of a monomer, dimer, 
5 oligomer, etc, or otherwise in a complex. 

The stabilising molecule may be labelled by a radioisotope 33 known in the art, fer 
example ^Por^Sox **Tc, or a molecule such as a nucleic acid, polypeptide, or other 
molecule as explained below conjugated wife such a radio-isotope. The stabilising 
molecule may be opaque to radiation, such as X-ray radiation, The stabilising molecule 
10 may also comprise & targeting means by wMchitisdhtK^toapartiQikr cell, tissue, 
organ or other compartment within the body of an J^^fli For example, the stabilising 
molecule may comprise a radiolabeled antibody specific for defined molecules, tissues or 
cells in ah organism. 

It will be appreciated that it is not accessary for a single stabilising molecule to be 
15 used, and that it is possible to utilise two or more stabilising molecules for stabilising a 
polypeptide. Accordingly, the term "stabilising molecule' 3 also includes mixtures, fusions, 
combinations awl conjugates, of atoms, molecules etc as disclosed herein. For example, an 
stabilising molecule may include but is not limited to: a nucleic acid combined with a 
polypeptide; two or more polypeptide? conjugated to each other; a protein conjugated to a 
20 biologically active molecule (-winch may be a small molecule such as a prodrug); or a 
combination of a biologically active molecule with an imaging flffsnt. 

The term "stabilising molecule* may further refer to a molecule which has activity 
in a biological system, including, bat not Hmited to, a protein, polypeptide or peptide, 
including* but not limited to, a structural protein, an enzyme, a cy to kine (such as an 
25 interferon and/or an interleukln) an antibiotic, a polyclonal or monoclonal antibody, or an 
effective part thereof, such as an Fv fiagmeoat, which antibody or part thereof may be 
natural, synthetic or luimanised, a peptide hormone, a receptor, a signalling molecule or 
other protein; a nucleic add, as defined below, including, but not limftftri to, an 
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oligonucleotide or modified oligonucleotide, an antisense oligonucleotide t>r modified 
antisense oligonucleotide, cDNA, genomic DNA, an artificial or natural chromosome (e.g. 
a yeast artificial chromosome) or a part thereof RNA t iflctading mKNA, tRNA, iRNA or 
a ribozyme, or a peptide nucleic add (PNA); a virus or vims-like particles; a nucleotide or 
5 ribonucleotide or synthetic analogue thereof, which may bs modified or unmodified; an 
amino acid or analogue thereof which may be modified $r unmodified; a non-peptide 
(eg., steroid) hormone; a proteoglycan; a lipid; or a carbohydrate. Small molecules, 
including inorganic and org™ 0 chemicals* are also of use in the present invention. 




Binding Assays 

10 Binding of a stabilising molecule fc> a polypeptide may detected using various 

means known in the ait, including NMR spectroscopy. In a preferred embodiment the 
NMR involves the use of hetoonudear NMR spectroscopy. In an alternative embodiment, 
Hue NMR spectroscopy involves fluorescence anisotropy. Alternatively, the binding of a 
stabilising molecule to a polypeptide is detected using surfece plasmon resonance or 

15 Differential Scanning Calorimetry (DSC). 

All of these methods will be femiliar to those skiUedintiheartandwIlbe 
described in detail, below. Although the description may relate to stabilising molecule for 
p53 suqhas CDB3, the skilled person will be able to modify these to detect and quantify 
binding between a polypeptide and a stabilising molecule, or a candidate stabilising 
20 molecule. 

Samples for NMR spectroscopy can be prepared using methods known to those 
skilled in the art. For example, samples for NMR experiments may contain '^labeled 
polypeptide such as p53 core domain at a concentration of225jiM and the corresponding 
stabilising molecule such as a CDB peptide in a final concentration of 2-2.5 mM in 150 
25 mM KO, 5 mM dithioftxeitol (DID, 5% D 2 0 in 25mM sodium phosphate buffer pH 7.2. 
l H HSQC spectra may be acquired as described in (Wong etal, 1999). In case oftbs 
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p53 core domain - DNA complex, suitable DNA for use in the methods described here is 
the double stranded 12-mer consensus p53-binding sequence jP-GGAACATGTTCC. 

Surface plasmon resonance measurements may "be performed using a BIACORE 
2000 using methods familiar to those skilled in the art For example, ft may be equipped 
5 with a sensor chip SA (BIAcore AB, Uppsala, Sweden) both to screen (he polypeptide for 
binding of stabilising molecule and to quantify the binding of tie stabilising molecule to 
the polypeptide. For example, BIACORE may be used to screen peptides forp53 core 
domain bindings and to quantify the binding of p53 core domain to peptide CDB3 - 
Biotinylated stabilising molecules such as CDB peptides may be immobilised and the 
10 binding of the polypeptide (in this case p53) can therefore be studied. 

All immobilisation as well as binding measurements may be performed at 10 °C 
with 50 mMHEPES, pH 72, 5 mMDTT, as rumdng buffer, using a sample frequency of 
1 Hz. The streptavidin surface of the chip can be activ ated -with 50 M NaOH, 1 M NaCl 5 in 
three cycles of 1 min, 20 ul^rnin, before the inxcaobuizaiiQn of peptides. The biotinylated 
15 peptides may be dissolved to a final concentration of 1 S4 .0 raM (in buffer as above with 
ad dition of 0,13 MNaCI) and can be immobilised at a flow rate of 5 pL/min until the level 
of salutation is reached. In the above Example Flow cell 1 can be used as a background for 
the change in bulk refractive index. 

In a particular example relating to p53 andCDB3> to screen for binding to 
20 immobilised peptides, various concentrations of p53 core domain are analyzed (0.36-18 
uM in buffer as above). The association phase is studied for 1 5 min at 1 0 |i l/min . Bound 
protein is dissociated by a regeneration cycle of 1-3 min 1 M NaCl between each injection 
of pS3 core domain. 

The binding affinity of p53 core domain for immobilised CDB3 is estimated from 
25 the half Saturation concentration of binding isotherm with varying concentrations of p53 
core domain (0.019-G.I9 uM). The binding association is measured for 5 min at 30 
liL/min, 20 °C, in the buffer described above (no salt added). The relative responses upon 
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binding are arc plotted versus the logarithm of the p53 core domain concentrations and 
fitted to a two-state equation using fte Katedagraph software (Abelbeck Software). 

The binding affinity of soluble, unlabeled CDB3 is studied at 20 °C in buffer as 
described above (no salt added) using competition experiments with the BlAcore (Nieba et 
S al. 9 1996). 21 samples are prepared, all containing 0.20 |iM pS3 core domain and various 
concentrations of CDB3 (0.030-120 pM), Binding data is collected in a random order of 
samples after 1 h of incubation at 20 °C. The association phase 15 measured for 5 rain, 30 
n T/min, followed by regeneration of the surface as described above. A control sample 
containing protein only is analysed as every 5th sample during the experiment time as 

ID rdfereace r The Initial assaaation rate of binding is estimated by fitting a linear equation io 
the firet 150 s of data using the BlA evaluation 3.1 software (Biacore AB, Uppsala, 
Sweden), These data (Figure 3c), which describes the relative concentration office p53 
cote domain, are analyzed according to a 1:1 binding model (Nieba etal^ 1996) using 
Kaleidagraph. Control experiments are carried out to verify that the measured association 

15 rate of binding is proportional to concentration of p53 core domain in the range of 0.194,9 
MM (protein only) and that the effect of increased ionic strength (due to high peptide 
concentration) does not significantly change the association rate (0-20 mM NaCl). 

Fluorescence Anisotropy may be used to measure and/or quantify binding. For 
example, experiments may be performed with fluorescein-labeled CDB3 (FL-CDB3 ? 

20 sequence FL-REDEDEIEW-NH2) at 10 °C using a Perfdn-Bbmer LS-50b hmrinascence 
spectroihiDrimeter equipped with a Hamilton microlab M dispenser controlled by 
laboratory software. It is not possible to make die titrations at physiological temperature, 
because of aggregation of the proteins. The peptide (-5 pM, 900 *tL) is dissolved in 50 
mM Bfcpes buffer pH 7.2 which contains SniMDTT. Fluorescence anisotropy is 

25 measured on excitation at 430 nm (bandwidth 8 run) and emission at S2S run (bandwidth 
2.5 nm), The free peptide has an intrinsic anisotropy value of r=0.04, which increased to a 
limiting value of 0,20 upon adding p53 core domain. 



mmmwmmmmmm 
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To determine the dissociation constat for CDB3 complexed with various p53 
wild-type aud mutant constructs as well as under different conditions, the following 
scheme is used: FL-CDB3 (900 p^ ~5 |iM) is placed in the cuvette. The appropriate p53 
construct (240 jil, -50 uM) is placed in the Hamilton nucrolab M dispenser syringe. The 
5 temperature is maintained at 1 0 °C Additions of 3 pL of protein are titrated into the 
peptide solution every —1 mm, the solution is stirred for 30 s and the anisottopy measured. 
The increase in anisotropy and die decrease in the total fluorescence are taken as 
proportional to the fluorescence contribution of the FL-CDB3-p53 complex. 

Dissociation constants for the FL-GDB3-p53 complex are calculated by fitting the 
Ifr anisotropy and fhoorescence titration curves (corrected for dilution) to a simple 1:1 
equilibrium model: 

p53+FL-CDB3 ^> complex 
d> 

^rJpS3][FI^CDB3]/[coinplex] (2) 
15 [aranolexHE^ 

(3), 

where Ip53]o is the total protein concentration and [FI^CDB3]o is the total peptide 
concentration. 

The total fluorescence at a given titration step can be described by: 

20 Fy*rFc!W*[ yi^CnB3]/[ T^,^DR^] D ^F complCT »[oQrnp1ftx]/C FL-CDB^Iq 

And the total anisotropy at a given time is: 

fo&rRcDtn* F6xz*[ FL-CDB3]/[ EL-CDB3]o*Ftotaj + Rem*** F«^**lccmp]gx]/[ FL- 
CDB3]o*F totel 

25 Where F^ and are the total fluorescence and the total anisotropy, 

respectively, and Fcdbs, iWipkK, Rcdvq and ikom^are the fluorescence and anisotropy 
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values for each of fbe species. He data is fitted to the above eqoafions^gMarqi^^ 
algorithm and laboratory software. 

Anisotropy Lb measured in competition experiments to stndy (indirectly) how 
CDB3 variants or gadd45 30-merJDNA coinpete with the fluorescem-Jabeled CDB3 for 
5 ftc binding site of p53 core domain. The same experimental conditions described above 
are used, accept for the slit widths (excitation 1 0 mn, emission $ run) and that the 
unlabeled sample is dissolved in a buffer that did not contain DTT, A stock solution of 
unlabeled CDB3 is titrated into a cuvette containing 900 pL 2.0 pM p53 cot* domain and 
0,50 pM FL-CDB3 in 80 steps of 3 pL each. Competing peptide is added every 90 s, the 
10 solution is stirred for 30 s andnwritoring began after 60 s. Three dififerant stock 
concentrations of unlabeled CDB3 (0-26, L3 and 2.6 mM) and one concentration of 
biotinylated Ct>B3 (0.24 mM) are used In case ofDNA, stotk solutions of 5 and 25pM 
ape used. 

The concentrations of p53 core domain-FL-CDB3 complex and free FL-CDB3 
15 before addition of Competitor ([F?] 0 and [F]q, respectively) are calculated using equation 
(3) and a given dissociation constant of 0.53pM. The concentration offices FL-CDB3 after 
the addition of stock of competitor peptide, [FU is estimated by 

[Fln-(Ai^A^)*tPI%+IIT, (6) 

where ABo is the change in anisotropy from FL-CDB3 cnjjy (lower limit value) to 
20 the mixture of FL-CDB3 and p53 core domain while Ai?* is the total change hi anisotropy 
on the addition. The concentration of complex bstw^n protein and unlabeled CDB3, 
[PlTfa, is detmrmyri from the total concentration of p53 core domain: 

ITUln^EPltDtti -PWHPFla 
(7) 



25 When [U]toa] (the concentration of the unlabeled peptide) i$ in excess over 

[P]totai(the total protein concentration), we calculated the K d of the unlabeled CDB3 using 
equation (2). 
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Dififerental Scanning Calorimetrymay also be used to detect and/or quantify 
binding. Different^ Scanning Calocrimetry may be perfumed using methods known to 
those skilled m feat ha suitable example, DSC experiments arc performed using a 
Mcrocal VP-DSC micr^orimeter (Microcai, Amherst, MA). Temperatures from 5 to 95 
5 °C are scanned at a rate of 60 degfc, using a Hepes buffer pH 7.2, 1 mM DTT 3 vMtk also 
served, ftr baseline measurements. Samples of wikMype and mutant P 53 core domain (6- 
15 jiM) in the presence or absence of PL-CDB3 (15-80 jiM) in the above buffer are 
prepared and th^i degassed for 1 5 min prior to each experiment A pressure of 25 p si 
(1 .5 6 atm) is applied to the cell The data is analysed using Origin software (Microcal). 

10 Peptides, Polypeptides and Proteins 

The methods described here are suitable for stabilising the native fbim of 
polypeptides. Preferably the stabilising molecule comprises a polypeptide. As used in this 
document, tba terms "peptide", "polypeptide" and "protein" are Synonymous with each 
other. 

15 Tbfi team *peptide* in the context of this document includes two or more amino 

acids linked together by a peptide bond. Typically, they have more than 5, 10 or 20 anriao 
acids and cm be any length up to 600 an^ 

has less than 200 amino adds, In a particularly preferred emobodhnent it has less than 100 
ammo adds, in a preferred embodiment still it has less than 50 amino adds. In a still 
20 further preferred embodiment it has less than 20 amino adds. In a most preferred 
embodiment it has less than 10 amino acids. A polypeptide or protein includes single- 
chain polypeptide molecules as wall as muttiple-polypeptide complexes where individual 
constituent polypeptides are linked by covaleirt or non-covalent means. 

One skilled in the art will appreciate that the particular amino acid composition of 
IS a stabilising molecule which is a peptide will depend on the protein to which it is to be 
bound. Amino acids may be naturally occurring or synthetic. Those skilled in the art will 
be aware of suitable sources of amino acids, 
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A polypeptide (including a peptide stabilising molecule) may be generated using 
Synthetic methods, which will be known to those skilled in the art. Alternatively, it may be 
generated from naturally occurring or synthetic proteins, and/or polypeptides, and/or 
peptides. Degradation of the proteins, polypeptides ox peptides may be performed by 
5 enzymatic and/or chemical digestion, using methods familiar to those skilled in the art 
Those skilled will be aware of other suitable methods of degradation. 

The term 'peptide* in the contest of this document, also includes within its scope, 
derivatives and variants thereof, as herein described. 

Examples of derivatives include peptides which have undergone post-translatioml 
10 modifications such as flie addition ofphosphoryl groups. It may also include the addition 
of one or more of die Mgand$ selected from the group consisting of: phosphate, amine, 
amide, sulphate, sulphide biotin, a fluorophore, and a chromophore. One skilled in die art 
will appreciate that this list is not intended to be exhaustive. In a preferred embodiment of 
this aspect, a stabilising molecule which is a peptide is derivati vised using a flncaOphore. 
15 In an especially preferred embodiment, the fluorophore is fluorescein. 

The terns "variant" or "derivative" in relation to the amino acid described here 
includes any substitution of, variation of, modification o£ replacement of, deletion of or 
addition of cms (or more) amino acids from or to the sequence. 

Variants of the peptides described here are likely to comprise conservative' amino 
20 acid substitutions. Conservative substitutions may be defined, for exarjrpte according to 
the Table below. Amino acids in die same block in the second colrmm and preferably in 
the same line in the third column may be substituted for each other 
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Peptide Synthesis 

Peptides may be synthesised using methods known to those skilled in the art A 
typical procedure is detailed below: 

5 . Peptides maybe synthesized using a 432A Synergy peptide synthesizer (Applied 

Biosystems (ABT)). Protected amino add derivatives, reagents and solvents may "be 
purchased from ABI, except for I^oc-SerCPOCOBzlX)^)-©!!,. which can be purchased 
fiom NOVAKochem. Standard Fmoc chemistry can be employed, with coupling agents 
HBTU/HOBt The peptides can be cleaved from the resin using a mixture of 

10 trifiuoroacedo acid: Triisoptopylsilaiie: water 90:5:5, precipitated in cold ethyl ether, 
washed 3 times with cold ethyl ether, dissolved in water or in a mixture of 
waten acetooitrile 1:1 and lyophQized. 

The peptides can be purified using reverse-phase HPLC (Waters 600 equipped 
with a 996 PDA detector). The column may be a preparative reverse phase C8 column 
15 (Vydac) and the gradient is 100%A to 100%B in 35 min (A = 0.1%TPA in water, B * 
95%acetanitrile, 5%watai^04%TFA). The purified peptides are characterized by 
MALDI-TOF MS and had the. expected My. 
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Far biotmykted peptides, Hie tdotin may be coupled to the N-teimiiras through Its 
carboxylic acid group during the solid-phase synthesis. The same conditions may be 
applied for the biotin coupling as for the coaling of the protected amino acids, except that 
it is repeated twice in some cases. Proteins and peptides may also be purchased 
5 commercially; for example, fluoresceir^labeled CDB3 is purchased fiom Dr Graham 
Bloomberg (University of Bristol, UK). 

Methods of protein and polypeptide synthesis are known in die art and are 
described in for example^ Maniatis et aL For example, proteins such as human p5 3 care 
domain wild-type and mutants (residues 94-3 12) and human tetamedc p53 (residues 94- 
10 360) may be cloned, expressed and purified using methods femiliar to those skilled in the 
art, in particular those described previously (Bvilock et of, 1997). ^-labelled W»m p 53 
core domain may be produced as described previously (Wong et d>> 1999). 



Uses or Stabilising Molecules 

We further describe a composition comprising at least one or more stabilising 
15 molecules and a pharmaceutical^ acceptable carrier, diluent or exipient. 

Stabilising molecules, which ate preferably peptides; and compositions described 
here may be employed for tn vivo th etapeutio and prophylactic applications, in vitro and in 
wvo diagnostic ^plications, in vitro assay and reagent applications, and ma like. 

Therapeutic and prophylactic uses of the stabilising molecules and compositions 
20 described here involve the administration of the above to a recipient mammal, such as a 
human. 

The team "prevention* involves administration of the protective composition prior 
to the induction of the disease, ^impression" refers to adm in istration of the composition 
after an inductive event, but prior to me clinical appearance of the disease. Treatment" 
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Involves admmistraHon of the protective composition after disease symptoms become 
manifest. 

Animal model systems which can be used to screen the effectiveness of the 
selected stabilising molecules or peptides or compositions in protecting against or treating 
. $ the disease are available and will be familiar to those in the arL 

Generally, the stabilising molecules, peptides or compositions will be utilised in 
purified form together with pharmacologically appropriate carriers. Typically, these 
carriers Include aqueous or alcoholic/aqueous solutions, emulsions or suspensions, any 
including saline and/or buffered media. Parenteral vehicles include sodium chloride 
] 0 solution, Ringer's dextrose, dextrose and sodium chloride and lactated Ringer's. Suitable 
physioiogicaUy-accqpftable adjuvants, if necessary to? keep a polypeptide complex in 
suspension, may be chosen from thickeners such as cafboxymethyicellulose, 
polyvinylpyrrolidone, gelatin and alginates. 

Intravenous vehicles include fluid and nutrient repl enishers and electrolyte 
15 replenishes such as those based on Ringer's dextrose. Preservatives and other additives, 
such as antimicrobials, antioxidants, chelating agents and inert gases, may also be present 
(Mack (1 982) Remington's Pharmaceutical Sciences, 16th. Edition). 



The selected stabilising molecules described here may be used as separately 
administered compositions or in conjunction with other agents. These can include various 
20 inomnnotherapeutic drugs,, such as cylcoBporine, methotrexate, adriamycin or cisplathium^ 
and iinjnunotoxins <xr in conjunction with radiotherapy or radioisotopes or other types of 
radiation. Pharmaceutical compositions can include "cocktails" of various agents. 

The route of administration of pharmaceutical compositions may be any of those 
conmwnly known to those of ordinary skill In the art For therapy, including without 
25 lhmtaiion irnnxnnotherapy, the selected stabilising molecules or compositions can be 
administered to any patient in accordance with standard techniques. The administration 
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can be by any appropriate mode, including parentercaily, intravenously, intatnuscularly, 
iUtrapBritoneally, trausdermally, via the pulmotraiy route, or also, appropriately, by direct 
infusion with a catheter- The dosage and frequency of admiiristratioh will depend on the 
* age, sex and condition of the patient concurrent administration of other drugs, 
5 cotJnterindicatiQns and other parameters to be taken into account by the clinician. The 
peptides may also be adnrinistered by expression from a DNA or RNA-based vector, 
including viral vectors capable of transducing the cells. For example, retroviral, tenti viral 
at* poxviral vectors may be used to transduce cells with nucleic acid encoding the CDB3 
peptide. As an alternative, direct injection of the nucleic add can be employed 



10 Alternatively, or in addition, chemical reagents may be employed in order to 

fecilitale the uptake of the peptide or nucleic acid encoding the peptide into cells. Suitable 
chemical reagents include calcium phosphate and DEAE-dextran for nucleic adds; and 
lipofectamine™, Hposome-based delivery systems, fusions with peptides such as viral 
fusogenlc peptides, unci ear transfer peptides such as YP22 and penetxntin, and the like, for 

15 the delivery of peptides. Those stalled in the art will appreciate that this list is not intended 
to be exhaustive. 

The present inventors have found that the peptide CDB3, particularly in 
fhiarescem-labelied form, is able to penetrate inside the cells by itself; although the 
efficiency of the delivery is enhanced by the use of chemical reagents such as 
20 Iipo£ectamme m . Furthermore, the present inventors have found thai there is a 
pronounced nuclear localisation of CDB3 in cells that express wild-type p53 or the 
severely compromised mutant EJ75H than fhete is hi cells lacking p53. As p53 normally 
exerts its effects in the nucleus, then this suggests that CDB3 forms a complex with p53 
and is subsequently transported into the nucleus. 

25 • The selected stabilising molecules, peptides or compositions can be lyophilised for 

storage and reconstituted in a suitable carrier prior to use . Known lyophilisafion and 
«sOonstitution techniques can be employed. It will be appreciated by those skilled in the art 
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that lyophilisation and reconstitutiou can lead to varying degrees of functional activity loss 
and that use levels may have to be adjusted upward to compensate. 

The compositions containing the stabilising molecules or a cocktail thereof can be 
administered for prophylactic find/or therapeutic treatments. In certain therapeutic 

5 applications, an adequate amount to accomplish at least partial inhibition, suppression, 
modulation, killing, or some other measurable parameter, of a population of selected cells 
is defined as a rt therq>eutically-efifective dose". Amounts needed to achieve this dosage 
will depend upon the severity of the disease And the general state of the patient's own 
immune system, but generally range from O.005 to 5.0 tng of selected peptide or other 

lo stabilising molecule ^er kilogram of body height, with doses of 0,05 to 2.0 rag/kg/dosa 
baing more commonly used. For prophylactic applications, compositions containing the 
present selected stabilising molecules or cocktails thereof may also be administered hot 
similar or slightly lower dosages. 

Stabilising molecules and/or compositions can be used in (he treatment of any 
15 disease where errors in protein conformation, folding and aggregation contribute to the 
disease. Examples include cancer, cystic fibrosis and neuro-degeneration. In a particularly 
preferred embodiment, the disease is cancer. One skilled k t^e art will appreciate that thus 
list is not intended to be eadmustive. 

Stabilisation* of pS3 

20 In a highly preferred embodiment, we provide a st ab il i sing molecule cap able of 

stabilising the native state of a p53 polypeptide. 

This preferred stabilising molecule is a polypeptide, and comprises a 9 amino-acid 
residue peptide, having the sequence REDEDEOEW^NHz. This peptide is referred to as 
CDB3. Wo also provide a fluorescebrlabded derivative of CDB3 (FL-CDB3) which can 
25 bind and stabilise p53 core domain. 
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CDB3 is derived from the p53 Wilding polypeptide 53BP2 and consists of residues 



490498 of that prtnem. I^d^ 490^ 

protein. Tie most striking properties of FL-CDB3 are its abilities to: (1) stabilise p53 core 
domain, as shown by raising its apparent melting temperature, and (2) induce refolding of 
rwexaibiy denatured p53 cote domain. Thus, a small peptide can stabilise p53 ccoe domain 
shuply by binding its native state but not &e denatured state and shifting the equil fhrium 
towards the native form. 

Polypeptide Target Site 



It may be necessary to identify the binding site for a stabilising molecule within the 
10 polypeptide to be stabilised. This may be done in various ways as known in the art 

Structural characterisation of the CDB3 binding ate within the p53 core domain is 
a key paint, since this site might scare as a specific target for core domain stabilising 
molecules. The CDB3 binding site, as mapped by NMR chemical shift analysis, Is situated 
at the edge of the DNA-binding site and consists of three structural elements (loop 1, helix 
15 2 and the edge of stand 8) which are remote sequentially but close spatially. The 

advantage of this site as a general target for p53-stabilising i»ol«*des is its location in 
proximity to the DNA binding site, enabling a local stabilising effect in that site. Indeed, 
Chemical shift data shows the difference between the effects of DNA binding and CDB3 
binding, CDB3 binding generates a strong localised effect on die DNA-binding site within 
20 p53 core d omain , while the chemical shift pattern upon DNA frinrftng ]$ significant 
different, with shifts that are not as localized but are ratfier spread throughout the whole 
protein structure. 



An intriguing observation is that CDB3 does not bind p53 core domain m the same 
location as the parent loop In tfa* 53BP2 protein (Oorina and Pavletich, 1996). The original 
25 53BP2 loop binds the core domain between helix 2 and loop 3, with Trp49$ of 53BP2 
making contacts mainly with loop3 of p53, and the carboxylic acid side chains of 53BP2 
making contacts with p53 Aig273 (a DNA-binding residue located in stmnd 10, close to 
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helix 2) (Gorina and PavJdich, 1996). tie CDB3 binding $ite might also be an additional 
binding site for 53BP2, and the two alternative binding sites might have a regulatory rote. 
The observation that CDB3 and the original 53BP2 loop bind p53 at different sites m? g Ti> 
abo be explained by the partly electrostatic nature of the interaction. Owing to its high 
5 negative charge, CDB3 as a &ee peptide might act partly as a negatively charged **DNA- 
mimic", winch binds the positively charged surfece of the DNA-binding site. 

Rescue of PS3 Core Domain Mutants 

CDB3 is found to bind two p53 core domata hotrspot mutants: G245S, which is 
weakly destabilised (Bullock et d>> 2000), and R249S, which is distorted in the DNA 

10 Hading region (Bullock et a/., 2000; Wong et al. 9 1999), FL-CDB3 affinity to the G245S 
mutant, which is folded almost as the wild-type (Bullock et of., 2000), is the same as for 
the wild type. Binding to the R249S mutant, which is mora destabilised, is weaker (bat 
Still in the low micramolar range). In addition CDB3 binds to a particular p53 core mutant 
(195T) which is highly destabilised. The mutation in this mutant is not in one of the 

15 typical oncogenic hot-spots. 

The observation that CDB3 binds mutants rai$es the possibility that such 
compounds can be used to rescue such mutants by stabilising them. Since their general 
mechanism of action is simply binding the native state and shifting the equitibrium, 
CDB3-Hke compounds could be used for the rescue of weakly destabilised (eg. G245S) 

20 and globally unfolded (e.g. V143 A) mutants that are unable to bind DNA (see below). The 
application of CDB3 for the rescue of locally distorted mutants, such as R249S, depends 
on the specific binding mode of the peptide as well on the specific distortion caused by the 
mntation. In general, locally distorted mutants require mora specific molecules, which 
alter the conformation near the distorted site. "We demonstrate that it is possible for R249S: 

25 FL-CDB3 stabilises it since it binds in proximity to the distortion site (near loops 2 and 3 
in file DNA binding site and see Wong ar aT., 1999). FL-CDB3, which binds the DNA 
binding site at its edge, might confribute to a local conformational change at this site of 
distortion. 
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The mode of action of CDB3 is differed from that of die previously reported p53 
C-tertoinal peptides, CDB3 stabilises p53 by binding its native bnt not its denatured state, 
while the C-tetminai peptides specifically regulate the activity and die DNA binding of 
p53 tore domain. (Abarzua et o/. s 1996; Hupp & aU 1995; SeJivanova et at., 1997; 
Selivanovaefff/., 1999). CDB3, and especially its labeled derivative EUCDB3 9 are lead 
compounds, apd they cau be used as a basis for the ftauie design of peptides and small 
molecules that have a larger stabilising effect on p53 core domain. Peptides such as CDB3 
cannot be used to rescue DNA contact mutants. Other strategies, which involve 
introduction of residues or small molecules that contribute the missing interactions, should 
be used fix rescue of these mutants. 

The invention is further described, for die purposes of illustration only, in the 
following examples which are in no way hunting of the invention. 

These ©camples relate to the isolation and identLGcaiton of a stabilising molecule 
15 CDB3, which is capable of bindhig the tumour suppressor protein p53 near its DNA 
binding site, and stabilising the native form of the protein. 



5 



10 



The inherent drawback of using a natural binding site for "a drug is that it competes 
with the natural Jigand, Thus, it might be thought that the competition between DNA and 
CDB3 peptide would preclude it from being of use as a lead compound. But this need not 
20 be so. Since the binding of DNA itself stabilises p53 core domain, and it binds very 
tightly, stabilisation by a peptide such as CDB3 is needed only for mutants where DNA 
binding is impaired because mutant p53 is in denatured conformation. Once the protein 
has bound DNA, the peptide is not needed any more. 

The abiKty of CDB3 to induce refolding of p53 core domain, together with the 
25 observation that DNA can displace it from p53 7 led us to propose the a "chaperon**" 

mechanism for rescuing a denatured oncogenic protein (Figure 7c): CDB3 binds only the 
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native state of the oncogenic protean which is able to bind DNA, probably immediately on 
biosynthesis, and therefore shifts the equilibrium towards the native state. Then DNA can 
bind the protein, displacing the peptide, whieb is fiee again to htod another protein 
molecule. Further, the peptide hinds equally well to a monomer ofpS3 and the tetramer, 
5 but DNA binds fer more tightly to the tetrtmer because of cooperativity (unpublished), 
thus allowing DMA to displace the drug more easily. 

Example h Design of Potential PS3 Core Domain Binding Peptides 

Peptides that bind the native state of p53 core domain can be derived from p53 
binding proteins. A rare example of a complex of a protein bound to p53 that has been 
10 solved at high resolution is the p53 core domaitv53BP2 conrpkx (Gonna and Pavlettch, 
1996). S3BP2 is ap53 bnKhngjrotein (Jwabuchi etol^ 1994) that enhances p53-mediated 
trarmctivation, impedes cell cycle progression and induces apoptosis (Iwabuchi et a/., 
1998; Lopez et al^ 2000). 53BP2 binds p53 core domain in its DNA binding site r wifli 
three of its loops m a k i ng the contacts with p53 (Gorina and Pavletieh, 199$(Figure 1), 
1 5 Three peptides corresponding to these throe loops are synthesized and tested (Core 
Domain Binding (CDB)l-3, see Ifcble 1). 

A second potential source for core domain binding peptide are sequences within 
p53 itself that bind tbe core domain and regulate its activity. Two suck regions within p5 3 
are the C-temriral domain (amino acids 363-393) (Bayle etcd-A 995) and the proline-rich 

20 domain (amino acids 54-94) (Mulkr-Tiemann et aU 1998). Several overlapping peptides 
corxespomExig to both regions are synthesized (CDB4, 7-10 in Table 1). Since Sei378 
within the C-terminal domain is known to undergo phosphorylation (Takenaka et ah, 
1 995), phosphopeptides derived from this region are synthesized as well (CDB5, 5 in 
Table 1), The C-terminal and the proline-rich domains can bind the core domain only in 

25 . presence of each other (Kim et al % 1999), and thus a fusion peptide between these 
domains is also designed (CDB1 1 in Table 1). 
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Screening of the CDB peptides for binding p53 core domain 

Initial screening for binding of the peptides to p53 Core domain, are made using 
hfitsronuctear NMR spectroscopy to monitor any changes in the backbone > H and 15 N 

resonances of ! *N labelled p53 core domain (Wong et al^ 1999). Chemical shift changes 
ate observed only with CDB2 and CDB3, implicating binding of only these peptides to 

p53 core domain (Figure 2). 

To estimate the peptides' affinity for p53 core domain, surface plasmon resonance 
can be used. Peptides CDB 1,2, 3, 9 and 11 are re-synthesized with a biotin label attached 
to their N-tamiaus. The biotinyialed peptides are immobilized onto a stttjptavidin (SA) 
sensor chip, p53 core domain (72 ^M) is inj ected, and the binding is tot&ritored using a 
BIAcore mstrument. The relative response for the different peptides, entreated for the 
control flow channel (SA chip with no peptide irnmobilized), is shown in Figure 3a. p53 
cor$ domain had the tightest binding to CDB3, in good agreement with the NMR data 
which showed that pS3 core domain bound CDB3 better than CDB2. There is no 
significant binding to CDB1 or CDB9. 

Example Z Characterization of CDB3-F53 Core Domain Binding 

Surface plasmon resonance can be used to measure the CDB3 -p53 cot© domain 
binding constant quaaintatively. Biotinylated CDB3 is immobilized on a SA sensor chip, 
and p53 core domain (O.G2-2jiM) is injected (Figure 3b). The concentration of p53 core 
domain for 50% binding is estimated to be 200 nM. 

Chemical shift differences between the spectra of the bound and unbound p53 core 
domain are used to identify the site inp53 core domain where CDB3 bound. Changes of 
backbone 'H-'fa resonances for each residue between the bound and the unbound states 
are shown in Figure 4a. Chemical shift changes are found mainly in loopl, helix 2 and 
strand 8 (colour coded blue and purple in Hgrae 4b), which are located at one edge of the 
DMA binding site. Chemical shift changes in presence of CDB3 are also observed for two 
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residues in helix 1, but these do not define a binding site but arc probably due to a weak 
non-specific interaction- It appears that CDB3, as a free peptide (colour coded red in 
Figure 4b), bound pS3 core domain in a different location from that of the original loop 
within 53BP2 (Gonna and Pavletich, 1996). It binds loopl, strand 8 andhaik2 that are at 
5 the edge of the DNA binding site* rather than its original place in the middle of the DNA- 
binding she that consists of Ioop3 and the other side of heBx2. 

Fluorescence anisotropy titrations may be used to determine the dissociation 
constant for tbe p53 core domain-CDBS interaction at 10 °C. p53 cote domain is titrated 
into fluorescein-labelcd CDB3 (FL-CDB3) and' changes ia anisotropy of the labeled 
1 0 peptide (Figure 5a) as well as the total fluorescence at 525 nm are monitored. The initial 
anisotropy vahie for the labeled peptide is 0.04, and the Hmitfag value for the FL-CDB3- 
p53 core domain complex is 0-20. The binding curve is fitted to a 1:1 simple equilibrium 
model, and the is found to be 0.53 ± 0.09 pM (Table 2). In order to confirm that CDB3 
binds tctramcric p53> and not only isolated core domain (residues 94-3 1 2), K& for the 
15 binding to the tetrameric p53 construct (p53 94-360) is determined in the same way and is 
found to be 0.77 ± 0.09^M. 

Example 3. Binding of Ftaorescein-Labded Peptides 

To determine whether attaching different labels (fluorescein and btotui) to CDB3 
N-terminns altera the dissociation constants for the unlabeled peptide in competition 
experiments by two independent methods can be measured: competition BIAcore (Figure 
3c); and anisotropy (Figure 5b), The unlabeled peptide had a of 3 7 pM (Table 3). 
Biottaplaiion of the N-tetmimis improved the affinity (compared to the unlabeled peptide) 
three-fold for solution measurements (5^=12 ^M, see Figure 5b and Table 3) and even 
more for the immobilised sample - BIAcore assays (i^=0.2 pM* see Figure 3b), Perhaps 
the unsubstituted peptide is bound more weakly because of the electorstatio repulsion 
between the positive change on its N-tenninal -amino group and the positively charged 
protein surface Alternatively, fluorescein itself could improve the affinity. 
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FL-CDB3 stabilises p53 core domain and rais es its apparent Tm 

Differential scanrdog calorimetry (DSC) is used Id detect stabilisation of p53 core 
domain by FL-CDB3 > The thermal deuaturation of p53 core domain is irreversible, and 
thus only an apparent melting tenpexaturc (7V) can be determined (Bullock ef a!>, 1997), 

5 but increase in stability can be correlated -with increase in the apparent T m . AD DSC 

measurements are carried out in Hepes buffer pH 7.2, 1 mM DTT. Under the*© conditions 
the apparent T m of wild-type p53 core domain is 40.1 T m increased by 1.5 degrees in 
presence of the peptide FL-CDB3 (Figure 6sl% showbg a st ahiliamg effect of the peptide. 
The apparent T m of the mutant R249S is 34.9 °Q wirich increased to 3 5 .9 °C in presence of 

10 the peptide > The signal for the R249S mutant is weaker due to increased aggregation of the 
protein. The unlabeled CDB3 at the same concentrations did not induce a shift in T m (not 
shown). 

Example 4. FL-CDB3 Binds the Native, and Not the Denatured, State of P53 Core 
Domain 

15 FT/-CDB3, as a peptide that stabilises p53 core domain, binds the native, but not 

the denatured state. It should bind "wild-type-like" folded and stable mutants -with a 
similar affinity to that of the wild type, but bind partly unfolded and distorted rnr rf a nt s with 
a lower affinfty. The binding of FL-CDB3 to two p53 core domain mutants is measured: to 
G245S, which is 95% folded at 37 *C and is destabilised by 1 .21 keal/mol at 10 °C; and to 

20 R249S which is 85% folded at 37 °C, is distorted and is destabilised by 1 Si kcal/mol at 10 
°C (Bullock d td^ 1997; Bullock etc/, 2000). At 10 °ChominntantB are expected to be in 
a native-like conformation. values at this terneprahrre, from fluorescence anisotropy, 
(see Figure 5a) are O.S7±0.09uM for G245S and 3.3±0.5uM for R249S, indicating weaker 
binding of the more destabilised mutant. 

25 To confirm that FL-CDB3 binds the native and not the denatured state of p53 core 

domain, we repeated tbe fluorescence anisotropy titrations in presence of increasing urea 
concentrations (Figure 6b). p53 core domain is incubated overnight in different urea 
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concentrations, and is titrated into FL- CDB3 which is dissolved in the same urea 
concenfj&ftm. A plot of log vs, mea concentration (Figure 6c) showed that the binding 
weakened with increasing urea concentrations, where rnore of the protein becomes 
■unfolded Quantitative analysis indicated that urea also weakened the binding of the 
5 peptide to the native p53 core domain (not shown). 

Example 5. Induces Refolding of PS3 Core Domain 

The ability of CDB3 to refold a partly denatured p53 core domain Is determined 
using fluorescence amsotropy. p53 core domain is incubated overnight at 10 °C in 3 M 
urea, under which conditions it is predominantly denatured. Then it is mixed -with FL- 
10 GDB3 in 3 M urea, and the changes in arisotropy over time are monitored (Figure- 6d). 
The initial arrisotrppy value for the labeled peptide is 0.04. Upon mixing the peptide with 
p53 core domain a rapid binding event takes place, leading to the formation of a FI^ 
CDB3-p53 core domain complex. The anisotropy values for the complex following 
prancubation overnight with 3 M urea are 0.06-0.07, fer below the limiting anisotropy 

15 value for the bound complex at these FL-CDB3 and p53 core domain concentrations (no 
urea), which is 0. 1 7 (estimated from Figure 5a), because under these cemditions most of 
the protein is denatured and did not bind the peptide . There ] s an increase in the anisotropy 
over time, as the peptide induced protein refolding by mass action (Figure 6d). On mixing 
p53 core domain and CDB3 (5 fiM each) with 3 M urea without preincubation overnight, 

20 imfolding took place reaching the same endpoinl Overall, CDB3 induced refolding of p53 
core domain and in. to presence the equilibrium shifted towards ths native state. Urea 
weakened the binding to the native structure so that the stabilising effects in 3 M urea ate 
not as pronounced as they would be in water alone. 

Example 6. DNA Competes with EL-CDB3 for P53 Core Domain Binding 

25 From the NMR. data (Figure 4) it seems that CDB3 binds p53 core domain at the 

edge of the DNA binding site, suggesting at least a partial overlap between the two 
binding sites. We have measured the competition between the binding of FL-CDB3 and 
gadd45 DNA to p53 core domain using fluorescence anisotropy. DNA (5-25 [M) 
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displaced the peptide completely ftam the binding site, indicating overlap between the 
DNA aod peptide binding sites (Figure 7a). When pS3 core domain is titrated into a 
mixture of CDB3 end DNA, only bwiding to DNA but not binding to the peptide could bo 
detennined (not shown), 

5 To get more structural information regarding CDB3 versus DNA binding, we used 

heteroniidear NMR spectroscopy. An HSQC spectrum of pS3 core domain in presence of 
12-mer consa&siis DNA sequence is taken, and the DNA site is mapped using chemical 
shift analysis exactly as done for the CDB3 binding site. Chemical shifts in presence of 
the DNA are distributed throughout The whole protein, and can be found in the DNA 

10 binding site as well as in the beta-sandwich. Significant shifts can be observed, for 

example, for residues in loop LI (S121X strand S L0 (£273, R274), 13 (M237, S241), L2 
(C175>, S4 (A159), S6 and S7 (R202, V216, Y220), the hinge between S9 tod S10 (L2S7, 
U259), and bdbc H2. Overall, there is a significant difference in the chemical shift pattern 
upon binding CDB3 and DNA. The CDB3 site is well localized to the H2-L1 -S8 region, 

15 especially in LI, while the DNA binding affects the conformation of different legions 
throughout the protein. 

Example 7 CDB3 restored sequence-specific DNA binding to She WgWy destabilized 
£53 mutant I195T 

We tested whether CDB3 can restore sequence^specific DNA binding activity to p53 core 
20 domam mutants by observing its effect on the ^-sandwich mutant I195T, which is highly 
destabilized by 4.1 kcal/mol (Bullock et aL. 2000) and tes poor binding affinity. I195T 
(LOpM) was incubated fcr 1 h at 10 °C in presence of CDB3 (IOOjaM) (or its absence) and 
titrated into Fluorescdua-labeiled Gadd-45 DNA in presence of the same peptide 
concentration. In the absence of peptide, I195T bound Gadd45 DNA with &f6\M (Fig. 
25 7b). After incubation wto pM, which 

is close to the value of 0.8 nM for wild type. As expected, CDB3 did not affect DNA 
binding of the completely native wild-type pS3 core domain (not shown). 
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To confirm that fee restoration ofDNA S« is sequence-sped!!*, we i.^tcd fee 
events with the random double stomded DNA sequence fluoresce 
AATATGGTTTGAATAAAOAGTAAAOATTTG. Binding of I19ST to this sequence 
was very weak, and was not 



5 



Example 8 
General Methods 

The general methods used in the examples set forth bdow are described in detail in Bykov 
eta!., Nature Med 8, 282-288 (2002) which is herein mcorporated by reference. 

10 Cell lines. 

The following cefl lines weie used 3n the experiments described in the following 
examples; 

H1299 tang carcinoma, which had both p53 alleles deleted; H1299-Hfcl75, wtkh was 
H1299 transacted with R175H mtrtant; Saos-2, osteosarcoma, bom p53 alleles deleted; 
15 5305-2-13*273, transacted with R273H mutant; HCTU6p53+/+, which has wild-type 53 
(as well as a high level ofMdm2 and ARF deleted); and HCTp53^-, in which bom P 53 
alleles were deleted by homologous recombination. 

Example 9- Distribution of FL-CD 63 in cell after treatment with PLCD 83 peptide 
for 24hrs, 

20 The results can be seen in figure 8. Details of the methods used are described in Bykov et 
oT., Nature Med 8, 282-288 (2002). 

Figure 8 shows the distribution of PL-CDB3 in cells after treatment with peptide for 24 h. 
The nuclei are visible in blue (staining with Hoechst), the peptide is green. Top left; H1299 
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cells containing p53 R175H. F1-CDB3 was localised in nuclei and large deposits could be 
seen in a nucleolus. Top right, cytoplasmic distribution was also observed in some cases. 
Middle: after combined delivery -with IJypofectamiiie 2000™, the peptide was located in 
the cytoplasm, although some nuclear fraction was present as well. Bottom Ufi and right: 
5 distribution of the peptide in parental p53-nnll H3299 cells. It appears that inp53 noil cells 
peptide is localised mostly in cytoplasm (HI 299), although, in some cells nucleolar 
localisation is abo evident (H1299M). The peptide remained viable for al least 4& h. 



In conclusion, the peptide FL-CDB3 ia able to penetrate ioside the cells by itself although 
the efficiency of delivery could be enhanced by Lipofectamine™ (Fig 8). Importantly, 
10 there is a much more pronounced nuclear localisation of F1-CDB3 in oeJte that express 

wild-type p53 or tte severely compromised mutant R175H than toe is in cells lacking 

p53. p53 nonnally exerts its activity in the nucleus. 

Example 10 Detection of induced protein expression by Western blots after 24 h 
incubation wih FMZDB3. 

15 The results can be seen in figure 9. 

Frames A, C, and D: Tr&atment with FL-CDB3 restored the ability of pS3 mutants HM75 
and His273 to activate the transcription of endogenous genes p21 and Mdm-2. Lung 
carcinoma calls H1299 tranafected with HM75 p53 mutant and parental nontransfected 

20 cells were treated -with the amounts of peptide indicated below, incubated for 24 h and 
tested for p53» p21, and Mdm-2 protein expression. The levels of actin show the equal 
loading of protein. Notably, mutant p53 levels were remarkably increased, B: Treatment 
withFL-CDB3 induces wtp53 in colon caidnoma HCTU6 cells and activates expression 
, of Mdm-2 and p21. No induction of p21 nor Mdm-2 was observed in the absence of p53 

25 expression in HCTp53-/- cells. For A and B: Lane i was the control with no F1-CDB3; 
Lane 2 was 24 h post treatment with 10 p.g/mL FL-CDB3, For C and D, Lane 1 was die 
control (no F1-CDB3); Lane 2, 10 pg/mL FL-CDB3; and Lane 3, 1 pgfoL FL-CDB3. 
The treatment with peptide was performed either with or without Lipofectaniine. All the 
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data presented here were obtained after treatment without lipofetaiiriiie, except frames C 
and D. The induction of pS3 target genes inCandDisseentobe dependant on the 
concentration of F1-CDB3. 

Overall, the peptide induces endogenous p53 target genes p21 and Mdm-2 in a pS3- 
dependent maimer (Fig 9). Two mutants ware tested, H273 and H175, Surprisingly, the 
tran$criptiond activity of both of them was reactivated, AH experiments were repeated at 
least three times. Interestingly, the transcriptional function of wild-type p53 is also 
activated The levels of wild-type and mutant p53 protein were considerably raised. 

Example 11, FACS analysis of effects (rf FL-CDB3 on cell cycle. 

Tnmottf cells we treated with 10. ugfaiL of peptide aod analysed the cell cycle 
distribu&wi and cell death (as subGl fraction) 24 h post treatment using FACS analysis- 
The left hand side of each pair of panels is the control without F1-CDB3. In one 
experiment, the percentage of dead cells was detenrdned by trypan bhie exclusion: the 
number of dead cells in H1299-Hlsl75 cells before rxeatmsnt was 5%, after treated 
37%; in control H1299 (pS3") 9 before 3%, after treatment 11%; to Saos-2-ffis273 cells, 
before 3%, after 28%; in control Saos*2(p53"); before treatment 3%, after 13%. 

Pram the results of this experiment, it is clear that CDB3 peptide induces apqptosia in 
tumour cells in p53-dependfint maimer (Fig 10). There is a difference between pS3- 
poative and p53-negatrve cells. Surprisingly, no growth airest was detected. 
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1: The peptides tested for bindtogp53 coredomala 



10 



15 




Peptide 



Peptides derived from 53BP2 

53BP2 422-428 



CDB1 
CDB2 
CDB3 
Pi 
CDB4 
CDB5 

CDB7 
CDB8 



CDBIO 
CDB11 



53BP2 469-477 
53BK2490-4$8 



20 



p53 81-100 
0wspho-S6r378- 

p53 369-383 
ptepbo«Sfer378- 

p53 361-383 
p53 369-383 
P 53 361-383 

P 53 81-94 
p53 76-9* 
€isi<aip53 8^*4 

and 369-383 wftb 
a GG linker 



TPAAPAPAPSWPLSSSVPSQ-NH 2 
IJKSKKGQSTpSRHKKL-NHij 

GSRAHSSHLKSKKOQSTj>SR- 



tpaapapapswpls-nhi 
apaaptpaapapapswpls-nh z 

PAAPAPAPSWPL$G<3LKSKKG- 
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Table 2: Dissociation constants (K£ for binding of EL-CDB3 to wild-type (WT) and mutant pS3 x 



Protein 



conditions 



5 WT (94-312) 
WT core + tot (94-363) 
WTccre 
WTcare 



4 M area 
2MOdmCl 



0.53 ±0,09 
0.77 i 0^9 
61*10 
>1000 



10 G245S(?«12} 
G245S ($4-312) 
G245S (94-312) 
R249S (94-312) 



2MG*aCl 



C57±Q09 
39±4 

>iooo 

3 J ±0.5 



15 ' Rvalues are determined from ft* anisotrqay and fbww^ at 525 nm following trtraticsnof p53 Into 
fluorescein labelled CDB3. 
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Table 3: Dissociation constant* fgr <HH53 variants binding to p53 core domain 



IJgand 




FL-CDB3 1 


0.53 ±ao9 


Unlabeled CDB3 2 


37±4 


Bi0tinylatedCDB3 2 


12±3 


TrrnnobiUzed btotinylated CDB3 3 


~W 


Fluorescein 


>1000 


UnW?et6dCDB3 4 ,20 <> C 


30*9 



1 Determined by fluorescence amsobrapy (see Table 1) 

2 I>:termined by anisotropy experiment, in cotnpetkian witii fluorescein labeled CDB3. 

15 * BmorostomimobflizBd peptide as detemitofid from half saturation, ccsncentratjcm try BIAeore 
4 Determined by competition BIAcore at 20°C 



wmmmwMmmmmi 



10/85/2882 17:15 +44-2388-71 9 B08 



D YOUNG 



PAGE 52/81 



49 



Abauua, P., LoSardo, JI, Gnbler, MJL, Sparhis, R., La. Y»A,» Felix, A. and Nari, A. (I$96) fejstaratfon of 
the transcription activation function to mutant p53 in Iranian oancer cells. Oncogens, 13, 2477-2432* 

5 

Bayb, JJL, Hlmfrft^ B. and Levins, A J. (1993) The cartoxjd-ienninal domain of the p53 protein regulates 
sequence* specific OKA binding through f tt Ti fmspficlfic n ucleic acid-T>indmg activity. PtpOTfttl Acad SciU 
S A, 92, 5729-5753. 

10 Bullock, A-N. and Fershi, AJt (2001)fccs™imgthc fuocbcn of mutant p53. Nature 
Cancer Reviews 1, €8-76 

Bollock, A.N* Henckcl, J, DeDecker, B.S., Jobnson, CM, Nikolova, P.Y., Proctor, M.R., La**, D,P. and 
Fcrsht, AIL (1 997) TLeroiOdyaamk stability of wild-type and mutant p53 core domain. Free Natl Acad Sti 
35 USA,94,1433*-1434Z 

Bullock, A.N, Henckcl, J. and Feral*, AJL (2000) Quaothanve analysis of residual folding *nd UNA 
bindin g in fflimmpSS core domain: deflnmon of mutant states for rescue in cancer therapy. Oncogen** 19, 
1245-1256. 

20 

Cho, Y„ Gorina, S,, Jeffrey, PU. and Pavietteb, KP. (1994) Crystal structure of a P 53 minor suppressor- 
TJNA complex: undamnding tumongenlc muraliDns. Science, 265 ? 346-3 55. 

Foster, BA, Coffey, BLA-, Morin, MJ. and Rastmejac; F. (1999) Ewroacotogical rescue of mufcwtp53 
25 conformation and function. Science, 2S6, 2507-2510. 

Goriria, S. and Pavleticb, N J. (1996) Structure of tie p53 tumor suppressor hound to the mkyrin and SID 
domains of 53BFX Science, 274, 1001-1005. 

30 Guax, N. and Pettsch, BiC. 0997) SWISS-MODEL and the Swiss-PdbVicwen an srvironmerit to 
comparative protein modeling. Electrophoresis, IS, 27 14-2723. 

Barnaul, F* and Hollstein, M. (20O0) p53 and human cancon the fetter thousand mutate Adv Cancer 
- Res, 77, 81-137. 

35 Hupp, T JU Lane, DJP. and Ball, KJL (2000) Strategies for inan^wlatiDs te P 53 pathway in &c treatment 
ofhnraaii cancer. Biocncm 1, 352. Pt 1, 1-17- 



10/85/2002 17:15 +44-23B0-7198BB 



D YOUNG 



PAGE 53/81 



50 



Hgp P> TJU Sparks, A. and Lane. DJP. (1 W3) Small peptides activate fiis latent sequEnce-^fficific DNA 
binding taction of p53. Cell, 83, 237-245. 

hvabwW, K., Bai»l PX., U Mamccino, R- and Fields, S. Q994) T*o cellular proteins flit Wad to 
5 wil<^ B but not mutant p53.?roc: Nail Acad SoiUSA s 9L, 6098^102. 

fc^,I^Li,B,!^H*,T^BJ,I^ 
tratscriptionida^v^ 

10 Kto, AA,*aHb, A.J.. Bnmdl-Ranf, P.W., Pinaa, M.R, Mnnnco. IL, Abarioa, P. andFine, ISO. (1999) 
Conformational andi^lecular basis for tod^ofapoptOWbyapSS C-t^taidpeptidaiflh^ 
cells. J Biol Ctem, 274, 34924-3493 1 . 



15 



Lope* C J>, AO. Y., Rtfde, LH, Per^ m, O'Connor. D. J., la, X. Ford, m and Naumovdd.L.pOOO) 
Pnapoptotic pSJ-ioteractinfiprotek 53BP2 is Induced by UV Irradiation but suppressed by p53. Mol Cell 
B»L 20, 8018-8025. 

Mnll^Tk™ B J. Halaaonetia, T.D. aod Biting, JJ. (1998) Hereon of an additional negative 
. _„-„ ^^m.A DKAbinpinfi.Proc Nail Acad SciU SA.S5, 5079-6084. 



20 



Ni*^ L., Krebber. A. and Pructanim, A. (1996) Contrition Bl^ora for measuring true rifiuines: 
differences from wlues detennir^ fiom binding kinetics. Anal Blochem, 234, 155.165. 



Sdivanova, G, lotsova, V, Ofam, I.. Fritscbe, M„ Strom, M., Grcaer, B, Graf m R.C. and V-nan, K.G. 
25 (iP^Restm^offlagrowfrsupp^ 
p53 C-tenninal domain. Nat Med, 3, S32-638. 
Seliv^C,Ryal*t^U^ 
p 53toH^taer^oaofaC*^ 

30 Sigal, A. and R*ter, V. (2000) Oncogenic radons of the p53 tumor suppressor, dc^ ««■» 
guardian of Aa genome. Canter Res, 60, 6788-6793. 

Tatenska, L, Morin, F, Seizlnger, B A. and Kfcy, N. (1995) Regnlfltion of the sequenee-^eoi& DNA 
b indmg taction of^ 

JlcfpSSc^don^evurce chattel 
8438-8442. 



10/85/2802 17:15 +44-23 B8-7198BB 



D YOUNG 



PAGE 54/81 



51 



AD publications mentioned in the above specification are herein incorporated by 
reference. Various modifications and variations of the described methods and system of 
the present invention will be apparent to those skilled in the art without departing from the 

5 scope and spirit of the present invention. Although the present invention has teen 

described In connection with specific preferred embodiments, it should be understood that 
the invention as claimed should not be unduly limited to such specific embodiments. 
Indeed, various modifications of the described modes for carrying out the invention which 
are obvious to those skilled in biochemistry and molecular biology or related fields axe 

10 intended to be within the scope of the following claims. 
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Clajms 

1 . A method of stabilising me native state of a polypeptide, tbe method comprising 
exposing the polypeptide to a stabilising molecule enable of binding to the polypeptide at 
a site which at least partially overlaps a functional ate in its native state. 

S 2. A method according to Claim 1 , in which due polypeptide is reversibly denatured 
such that it exists in a native state and a denatured state, in which me stabilising molecule 



10 



15 



3. A method of increasing the concentration of a native state of axeversibly denatured 
polypeptide to a system, to which the system comprises the polypeptide in a first native 
state and a second denatured state, the method comprising: 

(a) providing a stabilising molecule which binds to the polypeptide at a ate which 
at least partially overlaps with a functional site tome first native state and merely 
stabilising the first native state of tbe polypeptide; and 

(b) allowing the stabilising molecule to bind to the polypeptide. 

4. A method of restoring a wild type phenotype of an organism comprising a 
mutation to a polypeptide, to which the mutation leads to denamration of the polypeptide 
and a mutant phenotype, the method comprising exposing tbe organism or part of too 
organism to a sabilismgmoleeute 

she which at least partially overlaps afunctional site and thereby stabilises the native state 
20 of the polypeptide. 

5. A method of treatment of a disease in a patient, to which the disease » caused by 
or associated wim a mutation to apobypeptidc which leads to denatunmonof the 
polypeptide, the method comprising administering to the patient a stabilising molecule 
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which binds to the polypeptide at a site -which at least partially overlaps a fractional site in 
its dative state and thereby stabilises the native state of the polypeptide. 

6. A method according to any preceding claim, ia which the stabilising molecule is 
not a natural binding partner of the polypeptide, 

5 7. A method according to any preceding claim, in which the stabilising molecule 
consists of a tfeagment o f a natural binding partner of the polypeptide. ~~ 

S. A method according to any preceding claim, in Which the stabilising molecule is a 
polypeptide engineered to include a polypeptide binding domain, preferably a bin di n g 
loop, of a natural binding partner of the polypeptide. 

10 9. A method according to any preceding claim, in which the stabilising molecule is 
exposed to polypeptide or the Bystean in presence of a nartural binding partner of the 
poiypeptidft 

10, A method according to any preceding claim, in which the affinity of binding 
between stabilising molecule and the polypeptide or site is less than the affinity of a 

15 natural binding partner of the polypeptide and the polypeptide or the binding site. 

11. A method according to any preceding claim, in which binding between the: 
stabilising molecule and the binding site stabilises the polypeptide to enable binding 
between the polypeptide and a natural binding partner. 

• 12. A method according to any preceding claim, in which binding between the 
20 polypeptide and the natural binding partner stabilises the native State of the polypeptide. 



13. A method of assisting the binding between a polypeptide and a natural binding 
partner for the polypeptide, the method comprising stabilising a native state of the 



\mmrnmmmmm$m 
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polypeptide by a method according to any preceding claim, and exposing the stabilised 
polypeptide to the natural binding partner. 

14. A method of assisting the binding between a polypeptide and a first molecule, in 
which the polypeptide ejuste in a native state and a denatured state, the method 

s comprising: 

(a) providing a second stabilising molecule capable of binding to a site which at 
least partially overlaps a functional site in the native state of the polypeptide; 

(b) allowing the second stabilising molecule to bind to the polypeptide to form a 
complex and thereby stabilising die native state of die polypeptide; 

10 ( C ) exposing the polypeptide and bound second stabilising molecule complex to the 

first molecule; and 

(d) allowing the first molecule to bind to the polypeptide and thereby displacing 
the second stabilising molecule. 

15. A method according to any preceding claim, in which the flmc&mal site comprises 
15 or at least partially overlaps with a structural domain, a protein binding domain, a nucleic 

acid binding domain, or an active site of an enzyme. 

16. A method according to Claim IS, m^ch the functional she is essential to the 
structure or activity, or both, ofthe polypeptide. 

17. Arnelhodaccoxd^toany^ 

20 an oncogenic protein or a tumour suppressor protein. 

18. A rrfithc^accordir^ to atry ^ceding claim, inwMchthepolypeptideispSS. 
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19. . A method accoxdixig to any preceding claim, in which the polypeptide is p53 
which comprises arautetion, preferably Rl 7SH, G245S, R248Q, R249S, R273H and 
R282W and 1195T in which lie mutation leads to teversible denarnratian of the 
polypeptide. 

5 20. A method according to any preceding claim, in which the stabilising molecule 
comprises a CDB3 polypeptide having the sequence REDEDEBEW. 

21 . A stabilismg molecule which binds to and stabilises the native state of a 
polypeptide, bet not a denatured state of the polypeptide, in which the stabilising molecule 
binds to a site which at least partially overlaps a functional site of the polypeptide, and in 

10 which the stabilising molecule does not consist of a natural binding partner of die 
polypeptide. 

22. A stabilismg molecule according to Claim 21, in which the polypeptide is p53. 

23. A stabilising molecule according to Claim 21 or 22, in which the polypeptide is 
p53 which comprises a mutation, preferably R175H, 02458,52480,82498, R273H, 

15 2S2W and II95T in which the mutation leads to reversibte denatararion of die polypeptide. 

24. A stabilising molecule according to Claim 2 1 , 22 or 23 , in wliich the stabilising 
molecule wroprises a CDB3 polypeptide having the sequence REDEDEEEW. 

25. A method of identifying a stabilising molecule capable of stabilising a polypeptide, 
in which the polypeptide may be rcrvcrsibly denatured such that it exists in a native state 

20 and a denatured state, the method comprising the steps of: 

(a) providing a native state of the polypeptide comprising a functional site; 

(b) exposing the polypeptide to a candidate stabilising molecule; 
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(c) selecting a candidate stabilising molecule wMch binds to fee site which at least 
partially overlaps a functional site of the native state of the polypeptide; and 

(d) determining whether such binding stabilises the native state of the polypeptide. 

26. A method of identifying a stabilising molecule capable of stabilising a polypeptide, 

in a native state 



in 

and a denatured state, the method comprising the steps of: 



(a) identifying a functional site of the polypeptide and providing a polypeptide 
fragment comprising the functional site; 

ft) sd rfrg * "m«H*te stabile molecule wmc&binds to the polyp eptide 



fragment at asite which at least partially overlaps a functional site; 

(c) detraining whether fee selected candidate stabilising molecule stabilises a 
native state of a polypeptide. 

27. A method according to Claim 26, in which the polypeptide fragment comprising 
totootionalsite includes abmdmg site for * natural binding partner of the polypeptide. 

28. A stabilising molecule capable of stabilising a polypeptide, which is identified by a 
method according to Claim 25, 26 or 27. 

29. A inemod according to any of 

molecule according to any cf Oaims 21 to 24 or 28, in which the stabilising molecule 
comprises an organic or inorganic small molecnle, anatoral or derivatised carbohydrate, 
protein, polypeptide, peptide, glycoprotein, nucleic add, DNA, RNA, oligormcleotide or 
protein-nucleic acid (PNA). 

30. A method or sbfeitising molecule according to Claim 1% which is d«rivatised with 
a sugar, phosphate, antine, amide, sulphate, siupmde, bietin, a fluorophor* or a 
chromophore. 
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3 1 i A method or stabilising molecul e according to Claim 29 or 3 0, in ivtt ch the 
stabilising molecule is derivatised using a fluorophore, preferably fluorescein. 

32. A method or stabilising molecule according to any preceding claim, in which the 
binding of a stabilising molecule to the polypeptide is detected using NMR spectroscopy, 

5 preferably beteromiclear MMR spectroscopy, fluoresecence amsotrOpy, surface plasmon 
resonance, or Differential Scanning Calorimetry (DSC), 

33. A stabilising molecule according to any of Claims 21 to 24 or 28 for use in the 
treatment of a diseasa 

34. A pharmaceutical composition comprising a stabilising molecule according to any 
10 of Claims 21 to 24 or 28, together with a phannaceulically acceptable carrier, diluent or 

exipient. 

35. TT«^ nf g tAhi1j {q^g innl^nile according to any of Claims 21 to 24 or 28 in the 
manufacture of a medicament for treatment of a disease. 

36. Use of a stabilising molecule according to any of Claims 21 to 24 or 28 in the 
15 treatment of disease. 

37. A method according to Claim 5, a stabilising molecule according to Claim 33 for a 
use as specified therein, or a use according to Claim 35 o*36„ in which the disease is 
cancer. 
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ABSTRACT 
PEPTIDES 

We disclose a method of stabilising the native state of a polypeptide, the method 
comprising exposing the polypeptide to a stabilising molecule capable of binding to the 
polypeptide at a site which at least partially overlaps a functional site ia its native state. 

Figure 1 
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Fig. 6B 
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Fig. 7a 
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Figure 7b 
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Figure 7c 
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